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FOREWORD 



The Mid-America Vocation.- 1 Curriculum Consortium has developed a total concept for elec- 
tronics. This approach is Jesigned to provide a practical and realistic approach to compe- 
tency-based training matei als in electronics and to provide basic electronics competencies 
for many other vocational programs. 

Identified are those tasks that are common not only to the entry-level electronic technician but 
also to other vocational occupational programs such as appliance repair, heating and air con- 
ditioning, auto mechanics, etc. Basic Eiectronics therefore covers the tasks not only required 
of the electronic technician but also those tasks required in many other occupations. Basic 
Eiectronics provides the foundation and serves as a building block tor progressing to a higher 
level of competency in many occupations. 

General Electronics Technician includes those additional tasks required above Basic Eiectmn- 
ics for job entry in the electronics field. 

Upon completion of the Basic Electronics and General Electronics Technician competencies, 
students are ready for job entry or may continue their education by specializing in one of many 
electronics areas such as communication electronics. 

Every effort nas been made to make these publications basic, readable, and by all means, usa- 
ble. Three vita! parts of instruction have been intentionally omitted from the publication: moti- 
vation, personalization, and localization. These areas are left to the individue! instructors and 
the instructors should capitalize on them. Only then will these publications really become a 
vital part of the teaching-learning process. 
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USE OF THIS PUBLICATION 



Instructionai Units 

Basic Electronics contains 5>even units. Each instructional unit includes some or all of the 
basic components of a unit of instruction; performance objectives suggested activities for 
teachers and students, information sheets, assignment sheets, job sheets, visual aids, tests, 
and answers to the test». Units arc planned for more tnan one le«son or class period of 
instruction. 

Careful study of each instructional unit by the teacher will help to determine; 

A. The amount of material that can be covered in each class period 

B. The skills which must be demonstrated 

1 . Supplies needed 

2. Equipment needed 

3. Amount of practice needed 

4. Amount of class time needed for demonstrationn 

C. Supplementary materials such as pamphlets or filmstrips that must be ortiered 

D. Resource people who must be contacted 

Objectives 

Each unit of instruction is based on performance objectives. These objectives state the 
goals of the course, thus providing a sense of direction and accomplishment for the student. 

Performance objectives are stated in two forms: unit objectives, stating the subject matter 
to be covered in a unit of i struction; and specific objectives, stating the student performance 
necessary to reach the unit objective. 

Since the objectives of the unit provide direction for the teaching-learning process, it is 
important for the teacher and students to have a common understanding of the intent of the 
objectives, A limited number of performance terms have been used in the objectives for this 
curriculum to assist in promoting the effectiveness of the communication among all individ- 
uals using the materials. 

Reading of the objectives by the student should be folbwed by a class discussion to 
answer any questions concerning performance requirements for each instructional unit. 

Teachers should feel free to add objectives which will fit the material to the needs of the stu- 
dents and c immunity. When teachers add objectives, they should remember to supply the 
needed Information, assignmen' and/or job sheets, and criterion tests. 



Suggested Activities for the Instructor 



r.af h unt! o1 ifistruction h«u; HlJ{l(ll?^tt■'li activitit'S i.htn-t outliftuic, :.t<'f)S to foiiiiw \n .hh oiii 
plifthinq specific ot)jc?;tivrs Dut(«.\s of insUudofs wili vary nccordinsi to tht' parlii uiar unW: 
how(^v('r. fur N^sl use of the nialoriai thoy should includt; \he loilowing: provuH' sliidonts wdh 
ot^ioctive sheet, mtormytion sfioPt. assiflnfiienl shectr., urui job Khools: preview filntstrips, 
fiiaktr tran«;paroncit!S. and arrar^qv* for ft'source tnattnials and pe^ople; discuss unit and i^pp- 
»• ifii «>l)jr(.Hvos and information shwt; uivt tcsf. TraLtuvn. ate eiK uuraqi'd W uw any addi 
liuna! iiKsirurlinnal activities and trarhinfi mrthotfj. to aid studonls in ar.cofnphshtnq ttio 

Information Sheets 

Intormaiion stieots pfovirtr- conient essentia! fof niectsno tfie cc^QnitiVf (knowknlcjo) q^hx- 
tivos in thr unit Thr teachor will find that thv' mfurmaluHi stiet'ts w?rw <is an oxcellrnt cjuictf? 
fof presontifKi !fu' t^ackqtoijfKJ knowlen ncrt^ssary to dovoiop the ski!! .specified in \hv unit 
otijfH tive. 

Sfudfnti^ should read the inforrriation sheelr. before the information iv. (jisr.iissod m clasf^. 
Stiiiitint:, may lake? idditiotuil notcb vr\ tfie information sheets 

Transparency fWasters 

Iransparency masters provide information in a special way. The students may see as well 
as hear the nujterial beinc] presented, thus reinforcinq the 'earning process. Transparencies 
rnay present new irdorrnaiion or they may reinforce information presented in the inforn^ation 
sheets They are particularly effective when identification is necessary 

Transparencies i>hould be made and placed in the notebook where they will l)e immediately 
available for use. "transparencies (Jirect the eiass's attention to tfie topic of discussion 1 h<!y 
stiould l)e left on the sc reen only when topics st)own are under liiscussitm 

Assignment Sheets 

Assianmen'. sheets give direcdmn to sfu(iy and furmsfi practice ^or paper and pi'iicii <k t ; 
ties to dev-Mop the knowledpe which is a necessary prer-'quisile lo skill dcfveicpnieid li - ■ 
may be yiven to th{; student for completion m class oi used for homework assioJ>ments. 
Ar- rmn sheets are provided wliicfj niay t^e used t>y the student and/or tcavfter for "checkinq 
studenr propress 

Job Sheets 

Job sheets are an important segment of (?aeh unit. The instfuclor stiould Ijo able lo demorv 
strate the skills outlined in the job sheets. Procedures outlined in the job sfieets give direction 
lo the skill l^einf? taught .md allow both student and teacher to ctieck student progress toward 
the accomplishment of the skill. Job sheets provide a ready outline for students to follow if 
tfiey have missed a demonstralion. Job sheets also furnish potential employers with a picture 
of tfie skills being tauyfit and the performances wt)ich might reasonably t)G expected from a 
per.son who has had this traininq. 
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Test and Evaluation 



Papfif poncil and performance tests riave been constructed to rneaKure student achieve 
rnont of each objective ItslcxJ in the unit of instruction. Individual test items may be pulled out 
a..d used as a short test to deter inine st'.idenl achievement of a particular o':)jCctive. This kind 
of testing may be used as a <Jaily qui.- and will help the teacher spot ditf ict'ltii?3 being encoun- 
tered by students in their efforts to accomplish the unit objective. Test items for objectives 
addeit by the teacher should be constructed and atfded ic> the test 

Answers to A::signment SheetsfTest 

Answer: to the ucsicinment sheets and the test are provided 'oi each unit. These may be 
U!sed tiy '^c teacher and/or student for checking student ac;i)ievemefjt of the objectives. 



BASIC ELECTRONICS 
INSTRUCTIOMAL/TASK ANALYSIS 

JOB TRAINING: What the RELATED INFORMATION: What 

WofKer Should Be Able {o Do the VtorKer Should Know 

(Psychomotor) (Cognitive) 

UNIT i: SHOP ORIENTATION AND SAFETY PRINCIPLES 

1. Terms and definitions 

2. Hazards of working with electrical and 
electronic equlpnnent 

3. Facts about electrical shock 

4. Treating a victim of electrical shock 

5. Types of fires 

6. Types of fire extinguishers 

7. Safety color coding 

8. Genera! safety rules 

9. Types of hand tools and equipment 

10. Factors to consider when selecting 
hand tools 

11. Too! maintenance procedures 

12. Types of soldering tools 

13. Solder and flux 

14. Primary purposes for solder in electri- 
cal applications 

16. Safe soldering procedures 

16. Types of connections 

17. Types of desoldering tools 

18. Cleaners and lubricants 




JOB TRAINING: What the 
Worker Should Be Able to Do 
(Psychomotor) 



RELATED INFORMATION: What 
the Worker ShoulU Know 
(Cognitive) 



19. 



Prepare a soldering iron tip for use 



20. 



Adjust wire stripf^ers 



21, 



Strip and tin v^ires for soldered connec- 
tions 



22. 



Solder wires to turret terminais, then 
desoider wires 



23. 



Splice w^res together by means of sol- 
dering and crimping (flat cable) 



24, 



Repair a printed circuit board 



UNIT II: INTRODUCTION TO DC 



1. Terms and definitions 

2. Common parameters used in electron- 
ics 

3. Numencal decimal equivalents and 
powers of ten prefixes 

4. Resistor color code 

5 Determming resistance using the rests 
tor color code 

6. Basic circuit elements and their sym- 
bols 

f Types of resistors 

8, Meter rariges for analog and digital 
meters 

9. Types of meter scales 

10. General steps used in preparing a mul- 
timeter for operation 

11. Characteristics of meters 

12. Procedures for measuring voltage 

13. Procedures for measuring amperage 

14. Procedures for measuring resistance 
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JOB TRAINING: What the 
Worker Should Be Able to Do 
(Psychomotor) 




24. Solve problems tor an unknown volt- 
age, amperage, and resistance 

25. Calculate the re^^istance values from 
given color codes 

26. Read analog voltmeter scales 

27. Convert amperes to miiliamps and 
microamps 

28. Read analog ammeter indications 

29. Measure and compare current in a cir- 
cuit at two different voltage ievets 

30. Wire a functional rol ' circuit 

31. Measure the voltage drop in a DC c r- 
cuit 

32. Demonstrate that magnetic poles can 
attract and repel 

33. Construct a simple electrornagnot and 
check its operation 



RELATED INFORMATION: What 
the Worker Should Know 
(Cocnittve) 

15. Amperape measurement characterls^ 
tics 

16. Voltage measurement characteristics 

17. Ohms Law 

18. Uses of Ohm's Law 

19. Magnetic properties 

20. The use of the left hand rule for con- 
ductors and coils 

21. Methoa and effect of induction 

22. Typos of grounds 

23. Static electricity grounds 
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JOB TRAINING: What the 
Worker Should Be Able to Do 
(Psychomotor) 



RELATED INFORMATION: What 
the Worker Should Know 
{Cognitive} 



UNIT III: CIRCUITRY 



13. Determine total voltage in a setms ctr 
cult 

14. Detormino voltage drops across resist- 
ances 

15. Determine the total rt distance in a 
series circuit 

16 Determine current in a series circuit 

17. Determine unknown circuit values 

18. Determine unknown values in a resis- 
tive serier, circuit 

19. Compute the power dissipated in a 
resistive series circuit 

20. Calculate current and voltage in paral- 
lel circuits 



1. Terms and definitjons 

2. Voltage in a series circuit 

3. Resistance in a series circuit 

4. Current in a series circuit 

5. Voltage in a paraHel circuit 

6. Resistances in parallel 

7. Current in a parallel circuit 

8. Voltage in a series-parallel circuit 

9. Ste^s to simplify resistance in a series- 
parallel circuit 

10. Current in a series-parailGl circuit 

11. Characteristics of electrical power 

12. Functions of a voltage divider 
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JOB TRAINING: What the RELATED iNFORMATION: What 

Worker Should Be Able to Do the Worker Should Know 

(Psychomotor) {Cognitive) 

21. Calculate resistance in parallel circuits 

22. Calculate power in parallel circuits 

23. Calculate various values in parallel cir- 
cuits 

24. Trace current flow in series-parallel cir- 
cuits 

25. Perform exercises in circuit reduction 

26. Solve for total resistance 

27. Solve for total current 

28. Solve for total voltage 

29. Solve for branch voltages and currents 
in serieS'parallel circuits 

30. Solve for multiple values of voltages 
a^d current 

31 Answer questions regarding opens and 
shorts in series parallel circuits 

32. Answer questions about grounds and 
voltage polarity 

33, Analyze no-load and load circuits 

34. Verify Ohm's law 

35, Ana.,ze a series circuit 

36 Measure voltage, current, and resist- 
ance in a parallel circuit 

37. Analyze a series-parallel circuit 

38, Construct a voltage divider and ana^ 
lyze its function 
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JOB TRAINING: What the 
Worker Should Be Able to Do 
(Psychomotor) 



RELATED INFORMATION: What 
the Worker Should Know 
(Cognitive) 



UNIT IV: INTRODUCTION TO AC 



13. Measure alternating current voltages 
using a multimeter 

14. Measure alternaling current using h 
mullimeter 

15. Determine the configuration of multh 
ple-winding (ransformer 



1. Terms and definitions 

2. Principles of inductance 

3. Principles of capacitance 

4. Types of transformers 

5. Power in three phase circuits 

6. Steps for identifying three-phase trans- 
former connections 

7. Formulas for converting from one AC 
measurement to another AC measure- 
ment 

8. Phase shifting 

^, Relationship t^etween time and fre- 
quency 

10. Common types of filters 

1 1 . Configurations of filters 

12. Types of single-phase transformer con- 
nections 



UNIT V: CIRCUIT COMPONENTS 



1 . "^erms and definitions 

2. Equipment used in measuring circuit 
components 

3. Sersory factors in troubleshooting cir- 
cuit components 
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JOB TRAINING: What the RELATED INFORMATION: What 

Worker Should Be Able to Do the Worker Should Know 

^Psychonotor) (Cognitive) 

4. Test and accept/reject, replace cells 

5. Test and acceptyreject, replace lamps 

6. Test and accept/re|ect, replace 
switches 

7. Test and accept/reject, replace resis- 
tors 

8. Test and accept/reject, replace fuses 
and circuit breakers 

9. Test and accept/reject, replace capach 
tors 

10. Test and accept/reject, replace coils 

11 Test and accept/reject replace trans- 
formers 

12. Analyze the effects of temperature on a 
thermistor 

13. Test and accept/reject, repair cables 
and wires 

14. Test and accept/reject, replace relays 

15. Test and accept/reject, replace sole- 
noids 



UNIT VI: BASIC POWER SUPPLIES 

1. Terms and definitions 

2. Depletion or barrier region of a P N 
junction and the barrier potential 

3. Biasing effects on the P N junction 

4. Diode schematic symbols 

5. Reasons for diode failure 

6. Rectifier circuits and output wave- 
forms 





XIX 



JOB TRAINiNG: What the 
Worker Should Be Able to Do 
(Psychomotor) 



11. Use an ohmmeter to determine the 
anode and cathode of diodes 

12. Check transistors for proper operation 

13. Construct and test a half-wave rectifier 
circuit 

14. Construct and test a full-wave bridge 
rectifier circuit 

15. Construct and test a capacitor filter cir- 

16. Construct and test a Pi-section filter 
circuit 



RELATED INFORMATION: What 
the Worker Should Know 
(Cognitive) 

7. Power supply components and their 
applications 

8. Basic power supply functions 

9. Voltage "^egulator circuit schematics 

10. Troubleshooting the basic power sup- 
ply 



UNIT VII: SEMICONDUCTOR DEVICES 



1. Terms and definitions 

2. Current flow in transistors 

3. Charactenstics of transistor emitters, 
bases, and collectors 

4. Emitter, base, and collector of various 
transistors 

5. Characteristics of bipolar and field- 
effect transistors 

F. Special semiconductor devices and 
their applications 

7. Features of a typical dual in-line pack- 
age (DIP) integrated circuit 
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JOB TRAINING; What the 
Worker Should Be Able to Do 
(Psychomotor) 



RELATED INFORMATION: What 
the Worker Should Know 
(Cognitive) 



8. Finding numt^r-one pin on integrated 
circuits 



9. Advantages of integrated circuits as 



comparmi to discrete components in 



equivalent circuitry 



10. Guidelines to follow when working 
with integrated circuits 



1 1 . Perform a static test of semiconductor 
diodes 

12. Test and accept/reject, replace light 

13. Test transistors 

14. Test and accept/reject replace silicon- 
controlled rectifiera 
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BASIC ELECTRONICS 



Glossary 

AC ~ Abbreviation for alternating current 

Accident ~ Any unplanned event, occurring suddenly, which causes personal injury or darrv 
age to property 

Accuracy — How near the instrument reading is to the actual value 

Alkaline cell Can provide up to seven times the service of a cartjon-zinc cell: output voltage 
Is 1 .5 volts; can be either primary or secondai y cell 

Ampere — Basic unit of electric current 

Analog device — Component that operates at any voltage level within a range 

Applied voltage — Total voltage supplied to a circuit; also referred to as supply voltage or 
source voltage 

Base — Control section that varies conductivity of the transistor 
Battery — A group of cells connected on a series or parallel circuit 

Bleeder resistor — A resistor that is placed in parallel with a capacitor in order to provide a 
discharge path for the capacitor when the power supply is turned off 

Branch circuit — Circuit originating from a main circuit, often one of many 

Break voltage — Voltage level at which a diode device wUI switch on and conduct current 

Calibration — Technique of testing and adjusting an instrument by referencing It to another 
instrument or device of known accuracy and precision 

Capacitance — Property of a capacitor that opposes any change in voltage 

Capacitor — Device used to store electrical charge 

Capacitor tester — An instrument that measures capacitance in leakage current 

Carbon-zinc dry cell - Most common type of dry cell; nominal output voltage is 1.5 volts 

Channel ~ Narrow path within a field-effect transistor through which conduction of current is 
controlled 

Chip — Integrated circuit 

Choke -— A coil of wire wound around an Iron core or a form of insulating material a number of 
times 



Circuit - • A system of conductors throij0h which an cleciric curront is intinidod to fk w 

Circuit analysis — Applying Ohm's law and other rulos to determine the effect of certain 
parameters on circuit variables 

Circuit breaker ~- A device designed to switch open a circuit automatically when a current 
overload exists; this device may be reset 

Collector -~ Section of transistor in which majority current carriers are collected out of the 
device 

Concave ~ - Having a curved form which bulges inward 

Continuity — A condition which results jn a complete path for current to flow 

Convex — Having a curved lorm which bulges outward 

.^r^I^f'^'^^'''^'^^^'''^ ^^^^^ - developed in an inductor which is opposite 

that of the applied voltage at every instant 

Crimping - Applying mechanical pressure to compress a sleeve-type or cuptype electrical 
terminal to ensure a good electrical connection between th^ sleeve and the conriuctina wires 
It contains ^ 

Cutoff — State when ail normal charge carriers stop flowing in a device 

Cycle - - One complete set of values for a repetitive wave form 

Cycling - The process by which a battery is discharged and recharged 

Depletion mode - Field-effect transistor operation in which a negative voltage on the qaie 
repels electrons in the channel and retfuced conduction 

Depletion region ■ Area witfiin semiconductor material where charge carriers are neutralized 

Diolectfic — Insulating substance between plates of a capacitor 

Discharge - To remove electrical energy from a charged body (capacitor or battery) 

Discrete device - Component composed of one functional element as opposed to an inte 
grated-circuit device composed of many elements 

Doping Process of adding current-conducting impurities into crystal materials to make 
semicondtictors , . 

Drain - Electrode of a field-effect transistor corresponding to the collector of a bipolar tran- 

Dry cell -~ A nonmrhargeabic source of electrical energy produced by chemical action 
Electrolytic capacitor - Capacitor that must bf! connected in only one direction, obsor^inq 

Electrolyte • A substar>ce which in solution, is dissociated into ions and is capable of con- 
ducting an electrical current 



XXiV 



Electromagnet A core of soft iron that is teinporarily rnacinc1)>ed by sending current 
through a coil of wire wound arour^d the core 

Electromotive force (EMF) ~ force or voltage that causes cut rant to flov^ through a device 

Emitter — Most heavily doped section of transistor where majority current carriers travel 
inward, and thus are emitted into the device 

Enhancement mode ™- Field effect transistor operation in which a positive voltage on the gate 
attracts electrons into the channel and increases conduction 

Error ~ How far the f '^asurement is from the actual value 

Farad ~ Unit of measure of capacitance 

Field effect ~ Electromagnetic force that controls conduction in field effect transistors 
Fillet — Solder-welding two edges at right angles 

Filter — A device that reduces rapid variations in voltage or current by restricting variations 
from the circuit* bypassing variations from the circuit or slowing rapid variations to a gradual 
change 

Flux — Solution that cleans metals before or during soldering, or chemically acts to aid the 
fusion process 

Frequency - The number of cycles per second for a waveform with periodic variations 

Frequency response ~ Ability of a device to amplify a frequency without distortion or attenua- 
tion 

Fuse — An overcurrcnt protective device with an element that melts and opens the circuit 
when overheated, this device must be replaced 

Fusible resistor • A resistor for protecting a circuit against an overload 

Galvanized — Surface on which zinc has been deposited by the process of hot dipping or elec- 
tropiating 

Gate ~ Electrode of various semiconductor devices that provide control for operation 

Ground - Common reti^rn to earth for AC power lines; chassis ground in electronic equip- 
ment is the common return to one side of the interna! power supply 

Hardware Circuitry, wirmg, and devices of an electronic instrument or computer 

Henry Unit of measure of inductance 

Hertz — Unit of frequency; one Hert2: equals one cycle p(^r second 

Hybrid integrated circuit — Device in which discrete components and integrated circuits are 
combined into an integrated package 

XXV O*'^ 



Inductance - Property of an inductor that opposes anv t fianc^f' m i titrcnt ^U^^.- 
Inductor ~ Device usmJ to concentrate fTiaqnrtic iines of forcf 

Induction - - Production of elftctric chnrcjp or magnetic f*eld in a :^ubp;t;inre t)V an ck-otnr 
source. fTiagnet. or magnetic field 

Input impedance - Toiai opposition to cunetJt at tfic input of a Uevicc 
Insulation — A substance that prohibits flow of electricity 

Integrated circuit — Device constructed of multiple segments ot scrniconductof f?Kiteri£ils and 
juncti'^ns containing the equivalent function of 55uch discrete devicej^ a.s transistor and diode 
junctions and resistors 

Iniorna! resistance - Total resistance offered by a device; is normalfv associated with the 
power source 



Lag or lead angle ~ The relative displacement between voltage and current waveforms mea- 
sured in degrees; one cycle is 360" 

Land — Printed wiring attached to the surfiice of a printed circuit board 

Lead-acid wet cell — Most commonly used for automobile battery; nominal output voltage is 
2.1 volts; can t>e constructed in combinations of three (6 volt) or six cells 02 vost) batterios; 
lead-acid is a secondary cell and can be recharged 

Leakage currenl — Undesirable current flow betwren capacitor plates due to inability .>! 
dielectric material to reslnct that flow 

Linear device — Component that has the same gain or reaction to the mpu? over the operating 
range regardless of freguency or environmental factors sucti as temperature? and humidity 

Lithium coll — Has high output voltage, long shelf life, low weight, and small volume; output 
voltage is either ?.9v or 3 7v. depending on the electrolyte; stieif life is ten years or more 

Magrjet - - An object which will attract iron, nickel, or cobalt and which will pfodut:e an exter 
nal magnetic field 

Magnetic field - Ttie area around a magnet through which the lines of force flow 

Magnetic switch ■ A solenoid which performs a simple function, such as opening or closing 
a switch 

Magnetism A properly of certain rTiaterials whaJi exer Is a T!iecfianicui force on other mate- 
rials and which can cause induced voltages in conductors wfien relative movement is present 

Majority current carriers Holes in the p-typc semiconductor and i^!' 'ions in 'he n type 
serniccjnductor that transfer moat ot the current within a type of sen!:,.w.iiductor material 

Monlilhic integrated circuit - Dt;vice in which active elements Isuch as transistors) ano pas 
sive elements <such as resistors) are integrated into a ( ontinuous single component on a sin- 
glc substrate 
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Multimeifr - Instrurr.cnt capable of measuring "multiple" of values 

Node - - A junction point in a circuit at which current dividciS snio separv»te branches, or 
rtninlfcs from separate branches 

Ohms — Unit of measure for resistanct; 

Open iopen circuit) -~ A condition that occurs when a circuit is broken (broken wire or open 
switch) that interrupts current flow 

Open circuit A circuit with no available path for cu<rent to flow (infinite resistance) 
Output itnpedance — Total opposition to current at the output of a device 

Oxides ~ Films and impurities which form on the surface of metals when exposed to air or 
water and which, if not cleaned off. will prevent a good bond between the surfaces and solder 

Pad — Round terminal connection point on a printed circuit board whe'e component lead 
wires arc attached 



Parallel circuit — An electronic circuit whi. .i provides more than one path {or branch) for cur- 
rent to flow 



Parameter — A specified element or condition which detern ines the value of circuit variables 
Period — The amount of time foe one cycle 

Phase — Source of AC power; a relationship between time and AC wave form or between AC 
wave forms 

Pr^enoiic board — Plastic maieria! (thermosetting resin) which twcomes permanenily hard- 
ened when subjected to heat; origin. My k?,own as Bakciite*; used for printed circuit board con- 
struction 

Pinch-off voltage — Voltage from the gate to the source of fiold-effect transistors at which 
condition of current ceases 

Potential difference — The electromotive force developed between two points thai moves 
electric current through a load that is connected across a source 

Power — The rate of doing work 

Power supply Circuir or device that providts a specific electrical output by transforming a 
different electrical input or converting other forms of energy 

Primary coll — Battery that can not be recharu'jd 

Printed circuit tx>ard — Plastic, fiberglass, or phenolic board upon which copper strips inter- 
connect between mounted cor^ponents 

Range ~ Establishes the hn.its of a scale 

Reactance ~ Pleasure of AC opposition offered by cornponynts such as capacitors and 
inductors; measur*^fl in units of ohms 
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Regulator — Circuit or device that serves to keep voHaqo or current output at a constant teveJ 
Relay - - An f^iectrical switch whicti optms and closes a circuit automatically 
Resistance — Opposition to current 

Resolution How well the instalment wiM inc'icate a small change in the measured value 

Ripple - Low-amplitude variation of DC power; usually results from insufficient filtering of 
rectified AC 



Rosin ~ A material obtained from pine trees which is used during soldering to help ensure a 
good bond between the solder and the metal surfaces 

Run ~ Strip of conductor on a printed circuit board 

Safety — The state of being free from danger, personal risk, or injury 

Saturation — When an increase in collector voltage no longer causes an increase in collector 
current and with an increase in base current it no longer causes an increase in collector cur- 
rent 

Secondary cell — Battery that can be recharged 

Self-inductance — Conductors ability to induce voltage in itself when current changes 

Sensitivity — How well an instrument responds to small measurements of small changes in 
the value being measured 

Series circuit — A circuit where the same current passes through each component 

Series-parallel circuit — A circuit that contains some components in series and some in paral 
lei 



Series regulator — Controller placed in line with the load: controls by varying resistance to the 
load current 



Shelf life - Length of time a component can be stored before its operating characteristics 
start to degrade 

Short (short circuit) A condition that occurs when a circuit comes into contact with another 
pari of the same circuit, causing a change in either circuit resistance or current 

Short circuit — An atjnormal connection of relatively low resistance between two points of dif- 
fering potential in a circuit 

Shrink tubing — Plastic insulating sleeve which shrir>ks in diameter with the application of 
heat to form a sea! 



Circuit that tjypasses another r.ircui! or device, especially a low- resistance bypass 

for an ammeter circuit 

Shunt regulator — Controller placed in parallel to the load; bypasses excessive current and 
varies total current through a series resistance to control output voltage 
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Solder Soft metal alloy of tin and lead used for plating or immg nietals together 
Solder joint - Junction of two or more motats fused with solder 

Solenoid - An etoctromagnot consisting of a coil with a moveal)le core: <is current flows 
through the coil, the core moves, performing a mechanical action 

Source - - Electrode of a fi» ki effect transistor corresponding to the emitter of a bioolar tran 
sistor 

Splice — To unite (connect) two wires to form a continuous length 
Static electricity — The storage of electrical encjrgy 
Stripping ~ Removing insulation from electrical conductors 

Substrate — Base material of an integrated-circuit chip upon which the circuitry is formed 

Switch — A mechanical or electrical device which breaks or completes a path for c:!*>ctrical 
current or routes it over a different path 

Tank circuit — An inductor and capacitor in parallel 

The reciprocal of a number — One (1) divided by that numl)er 

Thermistor — A temperature compensating resistor where the resistance varies with the tem- 
perature 

Time constant — Time required for a capacitor or inductor to change by 63% after a sudden 
rise or fall in voltage or current 

Tinning — The application of a small amount of solder to surfaces to t)e soldered io help 
ensure good wetting during soldering 

Tolerance ~ The acceptable amount of variation from an indicated value 

Transistor — Solid-state semiconductor device usually having three terminals: varies conduc 
tivity according to voltage and current inputs 

Trigger — Electrical impulse used to turn devices on and off 

Variable — Changeable or capable of being changcnl 

Voit — The unit of measurement of electromotive force 

Voltage - Electrical force or pressure that causes the flow of electrical current (electrons) 
Voltage drop — Difference in voltage measured across a component in a circuit 
Watt ~ Unit of measure for power 

Wetting — The ability of molten solder to flow over and fuse compieteiy with the metal sur- 
faces to which it is applied 

Wicking ~ Flow of solder under the insulation of covered wire 
Work — Amount of energy used in a specified !ime 
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SHOP ORIENTATION AND SAFETY PRINCIPLES 

UNIT I 



UNIT OBJECTIVE 

After completion of this unit, (he student should be able to identify hand tools and equipment 
used in basic electronics, apply genera! safety rules and procedures, and prepare and use a 
soldering iron. Competencies will be demonstrated by correctly performing the procedures 
outlined in the job sheets and by scoring a minimum of 8& percent on the unit test. 

SPECIFIC OBJECTIVES 

After completion of this unit, the student should be able to: 

1. Match terms related to shop orientation and safety principles with their correct 
definitions. 

2. List six hazards of working with electrical and electronic equipment. 

3. Complete statements concerning facts about electrical shock. 

4. Select true statements concerning treating a victim of electrical shock. 

5. Match types of fires with their descriptions. 

6. Match types of fire extinguishers with their uses. 

7. Match safety colors with the types of hazards they designate. 

8. Select true statements concerning genera! safety rules. 

9. Identity types of hand tools and equipment. 

10. Match hand tools and equipment with their uses. 

11. Select true statements concerning factors to consider when selecting hand tools. 

9 0 
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OBJECTIVE SHEET 

12. Complete statements concerning too! maintenance procedures. 

13. Match types of soldering tools with their uses. 

14. Select true statements related to solder and flux. 

15. List primary purposes for solder In electrical applications. 

16. Arrange in order safe soldering procedures. 

17. Distinguish between types of connections. 

18. Select true statements concerning types of desoldering tools and their processes. 

19. Complete a chart of cleaners and lubricants. 

20. Demonstrate the ability to; 

a. Prepare a soldering iron tip for use. (Job Sheet #1) 

b. Adjust wire strippers, lob Sheet #2) 

c. Strip and thin wires for soldered connections. (Job Sheet #3) 

d. Solder wires to turret terminals, then desolder wires. (Job Sheet #4) 

e. Splice wires together by means of soldering and crimping. (Job Sheet #5) 

f. Repair a printed circuit board. Wob Sheet #6) 
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SHOP ORIENTATION AND SAFETY PRINCIPLES 

UNIT I 

SUGGESTED ACTIVITIES 

A. Obtain additional materials and/or invite resource peuple to class to supplcmenl/rciin- 
force information provided in this unit of instruction. 

{NOTE: This activity should be completed prior to the teaching of this unit.) 

B. Make transparencies from the transparency masters inctiided with this unit. 

C. Provide students with objective sheet. 

D. Discuss unit and specific objectives, 

E:. Provide students with information sheet. 
Discuss information shoot. 

(NOTE: Use the transparencies to enhance the information as needed.) 
G. Provide students with job sheets. 

H- Discuss and demonstrate the procedures outlined in the job sheets, 
i. Integrate the following activities throughout the teaching of this unit: 

1. Demonstrate the proper use of all hand tools, 

2. Make stude its aware of the various types of tools which are available but are not 
listed in the information sheet, 

3. Invde a hre department representative to class to demonstrate the proper use of 
fire extincanshors. 

4 Invite a Red Cross representative to class to demonstrate first aid and CPR tech- 
niques. 

5. Obtain and show film about static electric discharge. 

6. Demonstrate proper tinning of soldering iron tip to class. 

7. Demonstrate proper tinning of stranded wire conductors, 

8. Meet individually with students to evaluate their progress through this unit of 
instruction, and indicate to them possible areas for improvement, 

J. Give test. 

K. Evaluate test. 

L. Ret each if necessary. 
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CONTENTS OF THIS UNIT 

A. Objectivo sheet 

B. Suggested activitins 

C. Information stieet 

D. Transparency masters 

1. TM 1 ~ Electric Shock vs. Body Sensation 

2. TM 2 — Hand Tools 

3. TM 3 — Hand Tools (Continued) 

4. TM 4 — Hand Tools (Continued) 

5. TM 5 — Hand Tools (Continued) 

6. TM 6 — Hand Tools (Continued) 

7. TM 7 — Hand Tools (Continued) 

8. TM 8 " Hand Tools (Continued) 

9. TM 9 - Types of Soldering Tools 

10. TM 10 — Soldered Ck)nnections (No Mechanical Security Prior to Soldering) 

11. TM 11 — Soldered Connections (With Mechanical Security Prior to S -ring) 

12. TM 12 -- Types of Desoldering Tools 



E. Job 


sheets 




1. 


Job Sheet #1 


— Prepare a Soldering Iron Tip for Use 


2. 


Job Sheet #2 


— Adjust Wire Strippers 


3. 


Job Sheet #3 


- Strip and Tin Wires for Soldered Connections 


4. 


Job Sheet #4 


— Solder Wires to Turret Terminals, Then Desolder Wires 


!). 


Job Sheet #5 


— Splice Wires Together by Means of Soldering and Crimping 
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Job Sheet #6 


~ Repair a Printed Circuit Board 


R Test 






G. Answers to test 
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SHOP ORIENTATION AND SAFETY PRINCIPLES 

UNIT I 



INFORMATION SHEET 



Terms and dclinillons 

A. AccicJont — Any unplanned event, occuffmg suddenly, which caust^s per- 
sonai injury or damage to properly 

8. Concave - Having a curved form which bulges inward 



D. Crimping — Applying mechanical pressure to compress a steeve-type or 
cuplypo electrical terminal to ensure a good electrical connection betvueen 
the sleeve and the conducting wires it contains 

E. Fillet — Solder-welding two edges at right angles 

F. Flux — Solution that cleans metals before or during soldering, or chemi- 
cally acts to aid the fusion process 

(NOTE: There are many types of fluxe^ for different types of soldering and 
welding. Fluxes perform different jobs for various purposes and applica- 
tions. Do not use unspecified fluxes on any application.) 

G. Galvanized — Surface on which ^inc has been deposited by the process of 
hot dipping or electroplating 




Concave 



c. 



Convex - Havmg a curved to m which bulges outward 




Convex 
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H. Land - Printed wiring attached to the surface of a printed circuit t>oard 

I. Oxides — Films and impurities which fornn on the surface of metals when 
exposed to air or water and which, if not cleaned off. will prevent a gocKl 

bond between the surfaces and suider 

J. Pad — Round terminal connection point on a printed circuit board where 
component lead wires are attached 

K. Phenolic lx)ard — Plastic material (thermosetting resin) which beconnes 
permanently hardened when subjected to heat; originally known as Bake- 
lite"; used for printed circuit board construction 

L. Printed circuit board — Plastic, fiberglass, or phenolic board upon which 
copper strips interconnect between mounted components 

M. Rosin — A material obtained from pine trees which is used during soldering 
to help ensure a good bond between the solder and the metal surfaces 

N. Run — Strip of conductor on a printed circuit board 

O. Safety - The state of being free from danger, personal risk, or injury 

R Shrink tubing ~ Plastic insulating sleave which shrinks in diameter with 
the application of heat to form a seel 

Q. Solder — Soft metal aitoy of tin and lead used for plating or fusing metals 
together 

{NOTE: Solder is available in many forms, including solid wire, wire with 
paste, flux, bars, and washers. Sometimes solder includes other metals, 
such as silver gold, or cadmium,) 

R. Solder joint — Junction of two or more metals fused with solder 

S. Splice ~ To unite (connect) two wires to form a continuous length 

T. Stripping ~ Removing insulation from electiical conductors 

Tinning — The application of a small amount of solder to surfaces to be 
soldered to help ensure good wetting during soldering 

V. Wetting — The aoility ot molten solder to flow over and fuse completely 
with the metal surfaces to which it is applied 

(N'^'TEi Dirt, grease, and oxides prevent good wetting during soldering.) 
W. King — Flow of solder under the insulation of covered wire 
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Hazards of working with electrical and electronic equipment 

A. Electrical shock 

(NOTt: t-loctrical shock can v^ xxii ff the botiy contacts an electrical circuit 
or 1^ struck by iiqhlninti. It c.iH <:aiise spiious burns and rnusclo damage, 
and can kili a victim by ^loppifip Um^ heart or breathinc), or both.) 

B. Electrical tnirns 

tNOTE: Electrical burns can occur it the b(Kiy cc^ntacts an electrical circuit 
or is struck by iightninq. or if tht; body is exposed to radio trequency waves, 
X-rays, or other forrnir; of r^idiatKni.t 

C. Electrical fires 

(NOT E. f icctrjcai luQ^ c^^n uccuf «t elcctncal wires l)ecc>Tr!e heated t)ecause 
of an overldded circuit and contact tlainrnaWe materials,) 

D. Injury from misuse of \ooih 

(NOTE: Perbonal injuries oun l)e caused by the improper usc^ of tools,) 
E Choniicai burns or poison inu 

iNOTE- Some <: hcrrncals osmJ as cioarM^rb or lutjncants can be h^i^ardous if 
ingest^Kl. Always wn^ r^ haruiv^ tlH^rcuKihly <dter diiect contact and read the 
labels for special haiidlinq in^stuictions.) 

F Gaa inhaiation 

lNC)TE:EiHCtronic conip(>nei^lt> cKpu-scni to rixjh antounts of heat or current 
may burn and produce gases that if UirrcHy inhaled may cause irritation of 
the lungs and respnatofy j-;yst*:^fn.i 

Facts about eiectricat shock 

A. Currc?nt is usually consuJenod muw. iliingorous than voltage. 

B. High voltage Uow cunt.Mil) tends u> kruxk the vtctin') away from the circuit, 
fninimi/ing oxposiire time. 

C. High current ter^db to Citur^e th(^ body tu adhere to the circtiit. so that the 
victim cannot let go. ( f^»nsparency 1) 

1 A| atx>ut 1 nuiiiainpeie iU 00 U) amperes), a slight shock will be felt. 

2, At about 10 miniamf>ofejr. (O.O U)arnperer.) the yhock \s severe enough 
to pafaty/(? nniscies. hut ptrfsr^n may be at>le to let go of the corh 
doctor 
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3. At about inOnn!hafiipi:?o^ \0 l anu>rit t!u> sIum/K is usually fat3l if it 
fruits ten ofio ^w-i oruJ or nu'fc. 

(NOTE. Human {hmk frsisl.^nc*- v,ir^fS f/ofn about 500.000 ohms 
when dry to about o\vn\. wtien 'At.t. Bec.iuse of thi^^. voltages as 
\ovi as 30 viMIs can tuuse rnvn;uh vu'Mpnl tci fatal. Any circuit with 
a potential ul *U irast nn;* : in'* rorr ;.M red dangerous.) 

Treating a victim of electrical shock 

A. Safely remove the vicfim fron; . -rita^:! v\ith \Uv stJurn^ of df^ctn'cfty using 
the toltowmq procedure; 

{CAUTION: Do not touch the electrical circuit or the victim unless the power 
is oft or you are insulated,) 

1. lirn off the pir-ctn^itN hy *r^'.u\u c;! a ^'vvitch or circuit breateror cut 
cables or wircj. hy n^ yav. of ^^'^o(i ^andkl•i dxe or in$^ulaled cutters 

nvailablfv 

2. Use a tiry sti/ k. rop^\ ii\iiht 'f VuW. rci.ii. b!anki^{. cn any other noncon- 
tlijrlo' ot ( IfH tricrtv i>iViit<iU^ the v ctir^i tforn the electrical circuit. 

B. C:i\\ for assu^tano^*. 

1. Others m the arra niav Tn- mvu': kn(*v, 'Mrtq^^ible than you about treat- 
inq \hv ViCtini 

2. ArH)the? pe^St)n ca^! vaM j.'f.:tr:.:>...Mu*! un^dirat h{^!p \^^h\\o you 
adnnru5-.tt'r ?i!:a a^d 

C. Chock Victim's lirealhinri arvi fM-va tU^ni 
{NOTE: TIME IS LIFE AT THIS POINT?) 

(CAUTION: Mouth to mouth resuscitation and cardiopulmonary resuscUa- 
tion can cause more harm than good to a victim unless the person adminis- 
tering the first aid has been trained in the proper procedure.) 

1. It pulse vs dr-tf^r tabS*;v tujt hrcvithinrj h^s stopoeiJ. adriiinistpr fT^outh- 
to-niouth resuscitation urUil rruKiical tW'lv arnvos. 

2 it heartt>eat ruis stofn>ofi. adnuorstef cardiopulmonary resuscitation, 
but uoly if you b.avt^ lioori trairuHi \n ttie pioper technique. 

3. both hear ilMue a? bri^uthsnc; tiavc- stoppeti, dltofr^ale between car- 
dK?pulmonary rtrsuscittitUia anri fni>utt]-t(>-rriouth resuscitation, but 
aqauK only \i you h^tv^ beer? liatard if) tfiis t<H.hr5]quo 
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I bt^nkt'is ^v>at^» help k^'i^p ttu^ vi^ Itrn as warm and comfort- 
t.iblr lis post;it^U* whih* vvailifu; U'f hiMf^. 

2. Htur-^^ vit:t!nVs if^qs *;lichtH' abovf JiraU irvci to help prevent ^hocK. 

II I! the victirri tia^> SiJt^^fe'Hi bunnv 

a. O.H'i^f v\HH ''Huuth and fu^i;tri!s v.ith gau/e or a ckmn handker- 
:;.fuof to prtvtn)! br^Mthitu^ i^-'fnis on the victim while treating 

the l)ufns. 

b. XNfiip tninitHl uM a f rnilv with sterile gauze or ciean linen or 
towels 

(CAUTION: Do not attempt any othe^ treatment of bums.) 

E- Atwavt' iont)f;;it' t,;ijt urJv within your aoility until medical help 
arrives 

Types of lires 

A. C!«*ii;r^ A f uvi^ th*U on u? lu vnj;nvitv ri>?nSnii^tJt^U niaterialb 
hxamplt'S. *.VouU. rac^i- paper, tfit^h 

B. Cias5 B - Fire*, th^it j,;.»M~i)r iU iKunnuiblr iu^tJHts 
E;x.4nipl(^^. Gas*:»?in(\ i.ji. i^'e.u <\ fr-jiiits. ami thiruH^rt^ 

C Ciasf; C Firos tM.^t i.h cijr in o!rctnc:ai and olectronic equipment 

Exam{.^!e^ Mnt'-rs, !>vv't';hb^\'i-ii?., Wiring, riidiofj. and television 

st'Ls 

D C!as^ D Firr^ <kmj^ mi (^aUMjstjpif niutals 
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VI Types of fire extinguishers and their uses 

A, Foam insieaiJ of sprayiruj stroan^ m\u Iho burfiiny liquid, allow foam to 
fall Ijqhtly un Vw iuv. ut»e fuf cla^^s A ot class R firps 





B- Carbon dioxirin - Dui^cA dischnrqp as cAo^o to firn as possible, first at the 
odge of {!ar^p^^ thi^D graduaUv fouviud nod upward; use for cJass B or class 




C PufTi{> tank - Piatt* h^ni (\t\ ioo\ puu)^ and difrct f.trram at basnpt tire: use 
on class A s ofiiy 
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D, Dry chemicai — Direct at the base of the? f!anu?s arui with a class A fire, fol- 
low up by directing the dry chemicals at remaining materials that is burn- 
ing; use for class B or class C fires. 



E. Halon — Stand back ten feet, hold upright, and direct at the base of fire, 
sweeping from side to side; use for class C fires. 

(NOTE: Halon is a clean, liquified gas which does not leave a residue.) 

(CAUTION: High concentration of burnt baton gas may be f^azandous to 
your health,) 



Safety color coding 

A. Green 

1. Applied to nonhazardous part of machine and equipnnent surfaces, 
like nameptates and bearing surfaces 

2. Designates safe areas of equipment, and is also used to show loca- 
tion of safety equipment «ind first-aid materiais 

B. Yellow 

1. Applied to operating levers, wheels, handles, and hazardous parts 
that may cause stumbling, falling, snagging, or tripping 

2. Designates caution 
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Orange 



A 



D. Red 



Applied to eiectrical switches, interior surfaces of doors, fuses and 
electrical power boxers, and movable guards and parts 

indicates dangerous parts of equipment which may cut, crush, 
shock, or otherwise physicaliy injure sonncone 



1. Applied to buttons or levers of electrical switcnes used for stopping 
mactiinery. and to all equipment, such as gar.oline cans, which are 
fire hai-ards 

2, Designates fire hazards and fire-fighting equipment 

(NOTE: The color red is also applied to other firc^fighting equipment, 
such as fire alarms, tire axes, and emergency exits,) 

Blue 



1. Used to identify equipment which is being repaired or is defective 
and should not be operated 



lvor> 



Designates **out of order" or "detective" 



1 . Applied to table edges, vise jaws, and edges of tool rests where extra 
light reflection is important 

2. No particular designation except to help show tool and equipment 
moving edges more clearly 

General safety rules 

A. Keep all hand tools clean and in safe wt^King order. 

B. Report any defective tools, tost equipment, or other equipment to the 
instructor. 



C. Do not remove any safety devices, {i.e. grourid straps, bwiiuii cuvers. elc.) 
without Ihe permission of the instructor. 

D. Do not operate or energize any circuit that could be hazardous wittiout first 
receiving instruction on how to do so safely. 

E. Report all a( cidents to the instructor regar<iless of nature or f>everity. 
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"Turn off power before leaving tost equipment or circuits being worked on. 



G. Do not use ^ny solvent without first cietermining its properties, and how to 
use it si^feiy 

(NOTE: Sofvcnt3 should be used only in woli-ventilated spaces.) 

H. Keep the laboratofy floor ciean of scraps and litter. 

I. Clean up any spiilcd liquids immediately, 

J, Isolate line ipower) voltages from ground by moans of is^*?.t:on transform- 
ers. 

K. Check ai! tine (power) cords before using and if the insulation is brittle and/ 
or cracked. DO NOT USE and report to the instructor 

L. When meat>uring voltages with a meter and tost probe, be careful not to 
connect yourself to a voHage of any value. 

M. Be certain that floor is insuiated either by tile, rubber mats, or the wearing 
of rubbor-so!ed shoes. 

N, When measuring voltages expected to be greater than 30 volts, turn off or 
disconnect live circuit before connecting test equipment, or follow manu- 
faclurer's recommended procedures. 

(NOTE: Always treat volt ages with great respect.) 

O. 11 IS recommended that only equipment with a polarized O-prong) plug be 
uted. 

R Do not (defeat thr^ purpose of any safety device such as fuses, circuit break- 
ers, or interlocks: sfiorling across these devices could cause excessive cur- 
rent flow, and destroy or seriously damage equipment being worked on, as 
well as cause a lire. 

Q. Do not carry sharp edged oi pointed t(x>ls in your pockets. 

R, Do not induiqe ^n horseplay or play practical joKcs in any vjorK area 

S- vvVaf bafi?ty cjiasscnv v^hen required. 

T Do not v^ear rings or jewelry when working with electrical devices. 

U, Wear proper clothiru) 

V, bxericise good judgmenl ami common sense. 
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Tyi^s of hand tools and equipment ^Transparencies 2. 3. 4, 5, 6, 7 and 8) 

A. Pliers 

1. Long nose chain pliers 

(NOTE: These are commof^iy called needlenose pliors.) 

2, Diagonal cutting pliers 

3- Linenan s side cutting pliers 
4. Combination slip joint pliers 

B. Saws 

1. Hacksaw 

2. Hole saw 

C. Screwdrivers 

1. Flat blade (siot^head' screwdriver 

2. Phillips"' head (cross-point) screwdnver 
3- Torx" driver 

{NOTE: rorx driver is a b point fastening system with maximum 
torque, and minimum slippage. Due to its shape, it is often called a 
"star fastener:') 

4. Pozidriv' driver 

(NOTE: Although the pozidriv screwdriver resembles the Phillips' tip 
configuration, the two should never be interchanged,) 

D. Adjustable wire strippers 
Electrician's six in-one tool 

R Wrenches 

1. Adjustable wrench 

2. Hex and spline wrench 

G, Nut driver i ! ' 
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H. Hemostat clamp 

I. Ball peen hammer 
J. Files 

1. Flat file 

2. Half-round file 

3. Precision file 
K. Punches 

1. Center punch 

2. Square hole punch 

3. Round hole punch 
L Mechanical wire strippers 
M, Thermal wire strippers 

N. Soldering iron stand 

O. Heat sink 

P. Component lead cleaner 

Q. Solder sucker 

R. Shrink tubing 

S. Insertion or removal tool 

T. Drill and drill bits 

U. Wire gauge 

V. Soldering vise 

W. Crimping tool (open barrel) 

Hand tools and equipment and their uses 

A. Long nose chain pliers 

1. Holding components 

2. Heat sink 

3. Shaping and forming small conductors 
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Diagonal cutting pliers 

1. Cuttiny wire ami coni}»oneni leadt> 

2 Stripping infiuiatior) fron^ wiro 
Linemans sulc cutt)np p!ier?s 

1. Cutting heavier condiictcns and cables 

2. Cutting srtiall screws 

3- Strapping insulation from wires 
4. Forming large conductors 
Combination slip joint pliers 

1. loosening small to fneclium si-^e nuts and bolts 

2. Hoidmg and turning 

Screwdrivers ^ Removing or tigfUening screws and bolts (flat-blade Phil- 
lips'. 7brx\ or Po/idriv^) 

Hacksavv 

1. Cutting chassis meUil 

2. Cuttmg bolt!, or motai parts 

Cxan^ple: Antenna uistaliatfon parts, or screws and bolts too large 
to cut with s/de cutting pliers 

Electri; lan B six-in-one tooi 

1. C' mping solderles^^ connect ons 

2. Cutting wire 

3. Stripping insulation from wire 

4. Shearing bolts 

5. Thread gauges 

6. Length gauges for strfppinq 
Nut drivers 

1. Holding nut^i or bolt heads 

2. Tightening or iooscriiF^g nuts or bolts 
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I. Hi'.\ arc! splm! wfcn*»rheH 

t. Tightenuici , or ioosi^nitu: socket rap scfr*A.v 

2. TiflhU'fiifUi or iuosoiiuiq 
J. Hoio saw*: and hole punches 

1. Cutting hoirr. up to four inches in di-uptier 

2, Punching rounvi or square huluc^ in nieta! 

K. Mechanical wire stnpperjr - F or cuUkkj and pulling insulation from ends 
of conductors 

L, Thermal wire sf rippers ~ For removing wire insuJation by heating and melt- 
ing the material; prevents wire strands, but cannot be used on insulation 
that will not melt, such as glass braid or asbestos 

M. Soldermg iron stand ~ For supporting a hot soldering iron when not in use 

Soldering vise - For clamping and holding a printed circuit board or other 
component durinq soldenng or other repair operations 

O. CrimpinQ tool For fTiakinp a stront; mechanical connection to certain 
sleeve-type termmals 

R Shrink tubirtg For preventing eiectrjcal confiections from becoming 
shorted to adjacent connections 

Heat sink - ■ Fur cJrawinc; heat from soldertxl connection to prevent damage 
to components 

R. Gomponer>t lead ciear-er - For ri-irnovin9 o>:fdcs and other iilms from corr'- 
ponent leads 

S. insertion or rentovai too! For inM rfifu; or removing integrated circuits 
without bendinti pins 

Factors to consider when selecting hand tools 

{NOTE: When in doubt about what tooUi are best, consult a practicing electronics 
specialist in your area.) 

A. Tool sii^e sh*>u!d be matctied to tht* work most froqiientiy encountered. 

B. Tools should be bpecificaHy (ie^.sgned to? eiectronjc use when possible. 
Exai?iplr}s: Insulation (.«n handSes of pliers and screwdrivers 
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C Krur,^ !h'.^ ^.p^'l 'n.-atiotif, t" ->ftife pufchasinq a tool. 

Hvanirle. Pinnt,. k.,ng <.fuiin nose. b". With plastic grip handles, and scr- 

.'alt Hi I.TA';. 

J-kii {.'l,u1'.> scrtnvtinvor. ekx iru, lan's round ;';hank. 6" x ^Vu." 

XII. Tool maintenance procedures 

A. SrrcvVdMv< /s 

1 Rf'urtful worn or ttinruigcd flat blade screwdrivers 

?. Discard (iamacircl Philhps screwdrivers. 
B PHers 

1 Kcf^p t'iu'v.s r:ir;an and rtJj.;t i\ce. 

y K(vp f uttifKi t-'dcios sharp and smootlv 

Keep plic rv; vvorkinq fax-'lv. 

4. Rfpaif vt fopiact:' dariiaqt-d fiandit; irmulation. 

G. AdiMstaWe Vvrf-ri-ht s ■ Keep worn< qcaT, clean and iubriciited. 

D. Alt tools ldent<fv tools by iatX'Mnq with an (;k.\:tric vibrator pen «)r scratch 
aw" 

XIH, Types of solderinc tools and their uses Transparency 9; 

A. tV^O lip. 10 t.^ ?r, -.vatt?,; ■ For soldering i,s(^)aied electrical connections: 
'•linnr. itcs oli-'tMcal i^'akatjc and the net.'d ff grounding 

B. Soldorioq [ k-uc :!. 10 !o Sfi watts - Fur soklrrfng small electrical connection 

C. Soid'N'ny gii:i. 100 'Aatts For soldonnp larcje electrical connections 

when ht.'rtU'r futai cuuVo) i<i roquir(;tl 

f> Tfirnpf fatur*,- r inffollrd '.-.oldennn unit - For soldorinq many connections 
in f iose '.p"«-f 

XIV. Solder and flux 

A. Solder F"of ouikincj i-le<:tr(f:al connections: rpost common type is 60/40 
ro^.in :or» soidcr f-voiamiru; 6f) ^ tm aniJ 40- lead, wsth a center core of 
ro^jo fttix to allow s*r!tuHane>ous application of both solder and tluy 

1 Soldet for i^lectronir applications is available in bars, sheets, wire 
spoolr.. aiuj sr»ecial forrns sucti as pellets, nngs. and v>/aKhers. 

■I? 
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2. Wire soiders in the range from 0.030'' to 0.090" m dianiator are com 
monly used for hand soldering. 

a. Larger sizes are used for genera! purpose work, 

b. Smaller sizes are used for delicate soldenng apphcatioris 
such as pc boards and solder cup-typ€? piris fc3und on certau) 
connectors. 



B. Flux — A chennical agent used to remove the thin films of oxide present on 
the metal surfaces to be soldered; when applied to the joint, the flux 
attacks the oxides and suspends them in solution where they float to the 
surface during the soldering process: there are three major classifications: 



1. Chlorides (organic salts) are the most active and highly corrosive 
fluxes; they absorb moisture from the atmosphere and react strongly 
with acid at room temperature, 

2. Organic (acids and bases) fluxes are slightly less active than chlo- 
rides; they are used mamly for confined :\feas where fast soldering 
time is important and corrosion is not a problem, 

3. Rosin is used almost exclusively for its noncorrosive characteristics 
at room temperature: is corrosive at the melting point v)f soider which 
cleans the area while heated (approximately 361 "'F). 

Primary purposes for solder in electrical applications 

A. Makes connections with virtually no resistance to electrical current flow 
Example: Components soldered to printed circuit boards 
Prevents corrosion of conductors, connections, and parts 



Example: Printed circuit runs are often entirety coveron with solder; termi- 
nal fugs are often coated with soider 

C. Makes connectionf mechanicatiy stronger 

Example: Soldered connections will not pull apart as easily as wires that 
are merely twisted together 

D. Seals containers to keep out dust and moisture 

Example: Radio frequency crystal cannisters are sealed with solder: 
small, encased transformers or relays may be scaleci with sol- 
der 



4 ' 
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XVI. Snfe /oklerinq procedures 

(C^ A hot iron can burn a finger or start a fire. Use care. Be sure the power 

cora is not where you can trip over it. Wear safety glasses when soldering.) 

A Srh«r t V)v M.Mti<*rifUi ifon for a sf)ecific application. 

\NOT{ I ho yx A[U>nnQ uim mn^t bv grounded whe^n working on electrostatic 

B Prt^sift,- snlU^rffio ttp prior to ui\c by a process termed tinning. 
C Pri }u<ri: vi\r<i to bo soldnicd. 

1 fv.'iTJOve surfvice contaminants and oxides. 

IV AppK hquKl flu> to area to be solciercd. 
i> ^'ut/t s^'> .?M artKUiPt vi solder on tip of iron to aid heat tfansfer. 
t: Pk,'i>' ^!^' if(ni -loxt to terminal area and iead. 
H Mi;u;f' Si>uiH? on ^/pposile sidc of the load. 

vi hT-nn;'ve MMiicr frorn hf^at vdter it has flowed and tof med a smooth contour 
'.'^ sr^'^^r arv>ufKi th^^ k?ad and terminal pad 

i .A:!jv% to cool. 

J ^h^r^^.•^vv c ^ -htarninateri t)ux residue fforn soldered area 
XV!L Typps of connections 

A. N;/ MH-f n.ifhcai cr'nrHH;non prtor to sofrlerinp fTransparency 10) 
• i f »f).Mi:-f tJnnv. (no fnec;naf)K:at s^^curity) 

0 : ^it tivfiai 

^^^n Bun j:(''nn' t..iions are usecj rarely ui efectnoai circuits.) 

1 -S' ' nnrspctions (r)o rnechanica! secunty) 

VVtr<; \o Vvfi^ 

1 n 
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c. Flat-tQ-f)at 

Wire-lo-post 

Wuc-to-cup or fr-lervr 
!. Wire to hote 

B. Partial mochanicai connection prior to soklonng (Transparency 11) 

1. Wire-to-hook 

2. Wire-to flat iug 

3. Wire-to-turret or post 

C. Full mechanical connection pnor to soicJonng nVansparency 11) 

1. Wire spliced to wire 
Wire to fiat !ug 

3. Wire to turret or post 

4. Wire to crimp sleeve 

Types of desoiciering tools and their processes (Transparency 12} 
A. Solder wicK 

1, Used to remove excess solder trc^ n the connection 

{NOTE: The soider wicK is n^ade of finely woven strands of copper 
wire.) 

2. Process 

a. Place wick over terminal area and leaci to be desolciered- 

b. Place solder iron tip in contact with the solder wick and press 
down against the connection. 

c. The solder will melt and flow in the direction of the heat trans- 
fer. The solder is trapped by the soider wick as it flows up 
through the weave, 

d. With the solder removed from trie connection, the lead can t)e 
bent away from the terminal pad and the corrjponent removed. 
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B. Desoidonng buib 

1 Used f Of removing excess soldor or for Uesoldering component leads 
2. Process 

a. Apply heat to area to be desoldered 

b. As suider beguis to melt the bulb pressure is released 
The liquid solder is drawn up into the bulb by the suction 

d If solder remains, the process must be repeated 

C, Solder sucker 

r Used in the same manner as the desoldering bulb except that the 
suction is produced by a spring loaded piston 

iCAUTION: When working with MOS integrated circuits, It is naces* 
sary to use an anti static solder sucker to ©limlnat© static el«ctriclty.} 

2. Process 

a. Push the piston handle downward 

b. Rotate the handle to engage the release pin 

c. As the solder begins to melt, the pin is disengaged 

d. The solder is drawn up through the hollow tip as the spring 

pushes the plunger upward 

(NOTE: Both the desoldering bulb and the solder-sucker are easily disas- 
sembled to remove the accumulated solder It may be necessary to use an 
anti-static solder sucker to eliminate static electricity) 

XiX* Cleanens and lubricants 

(NOTE: Many of the cleaners and lubricants listed below may be hazardous to 
your health. Read labels carefuiiy and clean hands thoroughly after use.) 



CIvanors Type Application 



Alcohol, ethyl Petroleum solvent Cleaning solder connections 

Thinner for shellac and rosin 

Ac*:?tono P^jlrolounj solvent Removal of oily films, paints, and 

lacquer 
Lucite cement 

Bright dip AcaJ mixture cofitam- Cl'?aning mota! surtacod after 

uiq sulfuric, hydfoch- etching or soldering 
ionc;, and niific acids 
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Cleaners 



Type 



Appiication 



Butyl cellulose 

Cyclohexanone 
Hydrochloric acid 



Kerosene 

Ketone, methyl 
ethy) 

Lacquer thinner 
Mineral spirits 

Perchiorethylene 

Phosphoric acid 
Sodium hydroxide 
Toluene 

Trtchioroethane 



Petroleum solvent 

Petroleum solvent 
Diluted acid 



tsophorone Petroleum solvent 

Isopropyi alcohol Petroleum solvent 



Petroleum solvent 
Petroleum solvent 

Petroleum solvent 

Petroleum solvent 

Chlorinated solvoni 

Diluted acid 
Alkaline solvent 
Petroleum solvent 

Chlonnated solvent 



Thifuitn and wash up for epoxy 
n»sin inks 

Vinyl solvent and cement thinner 

Remove mill scale from steel 
Bright dip ingredient 

Wash up for vmyl inks 

For removing oil grease, and 
Ilux from conductors and »ermi- 
nals tx>th before and after solder- 
ing 

Machine cutting fluid 

Lacquer thinner and paint 
remover 

Thinner and wash-up for lacquer 
and lacquer ink 

Wash-up and thinner for rubuer, 
oU, ethyl cellulose inks, and 
atkyd enamels 

Gener^ai'purpose cleaner and 
vapor degreaser 

Remove niiik scale from steel 

Cleaninn and etching aluminum 

Wash-up and thinner k>r rubber, 
oil. ethyl cellulose inks, and 
alkyd enamels 

Wash up layout dye and screen 
inks 

Ultrasonic cleaning 
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Type 



Tnctilcrothyiene 

Turpentine 
Xylene 



Petroleum soKoja 
Petrolrum solveni 



GiMurrai -purpose c^o^inor and 

Machine cuUinq !Und 

"^hinnfH for acrylic printing inks 
VVatih up for synthetic enamels 
ana photo tvs\^\ ink 



Lubricant 



Application 



WD40 
3'in^l oil 



General purpose lubncant 
Gvnvral purpose lubncar)t 
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# 



CO 

O 
k_ 

0) 

a 

e 
< 
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o 
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1.0. 
0.5. 

0.2 



0.1. 



0) 0.05. 



0.02. 
0.01. 



0.005. 



0.002. 



0.001 



Electric Shock Versus 
Body Sensation 



- Severe Burns 
— Breathing Stops 



DEATH 



— Very Difficult Breathing 

- Labored Breathing 
" Severe Shock 

- Paralysis 

- Cannot Release 

- Painful Sensation 



Mild Sensation 



Slight Sensation 
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Hand Tools 




Combination Slip-Joint Pliers 




Lineman's Side Cutting Pliers 
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Hand Tools 

(Continued) 





Flat Blade (slot-head) Screwdriver 




Phillips'Head Screwdriver 




Torx^"^ Drivers 




Pozidriv'^ Drivers 



5f; 
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Hand Tools 



(Continued) 




Adjustable Wrench 




Hemostat Clamp 



Hand Tools 

(Continued) 




Precision Files 



Hand Tools 

(Continued) 




Mechanical Wire Strippers 




Component Lead Cleaner 



Hand Tools 

(Continued) 




Hand Tools 

(Continued) 




Open Barrel Type Crimp Tools 



Types of Soldering Tools 





Soldering Pencil 

•r 




Temperature Controlled Soldering Unit 



Soldered Connections 

No Mechanical Security Prior to Soldering 



*Butt Connections 
are Seldom Used 
in Electrical Work 

•*These Connections 
Require a Fixture 
to Prevent Move- 
ment During 
Soldering 



Butt Connections* 




1 



Wire-ToWjre" 



Flal-To-Flaf 



7 



Lap Connections 




Wire To* Cup or 
Steevcf 



Wtre To^Hote 



f,3 






Soldered Connections 

With Mechanical Security Prior to Soldering 



Wirt' Split (•> 



Partial Mechanical Security 



1 (Tinuiai Luti 
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Wire 7 o P(5st 



Full Mechanical Security 
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Types of Desoldering Tools 




Desoldering Bulb 





Solder Wick 




SHOP ORIENTATION AND SAFETY PRINCIPLES 

UNIT I 



JOB SHEET #1 - PREPARE A SOLDERING IRON TIP FOR USE 

Equipment and materials needed 



r 


Soldering iron — Pencil iron with cop[)er or iron clad tip 


2. 


Damp sponge 


3. 


Finti wire l)rush 


4. 


Fine metal tile 


5. 


Tip cleaning flux if availat)le (not necessary s 


6. 


Tinning oil if available (not necessary) 


7. 


60/40 5o!der 


8. 


Soldering iron tioldcr 


9. 


Safety glasses 



Procedure 

1. Put on safety glaESCK. 

2. While the soldering iron is cool, and before connecting it to the power receptacle, 
inspect the tip. 

{NOTE: Copper tips can be reshaped with a metal file.) 

3. File the tip to a wedtje shape without removing any more metal than is neces- 
sary, 

(NOTE; )ron-clad tips should no! ne?ed reshaping. If you have an iron-clad tip that 
is in poor shape, ask your instructor it it should be filed or replaced. Normally 
iron-clad tips are merely cleaned with a wire brush. Filing will shorten their useful 
Mfe. Gold plated tips are used for particular appiications and are expensive. Gold 
plated tips should never be filed or brushed. Cleaning is usually accomplished 
with a damp sponge once the tip is hot. Special cleaning fluxes are used by 
industry for production Hne tips. However, if the shank of the tip is carboned or 
corroded, it can be brushed with the wire brush.) 

4. Place soldering iron in hoklor imd connect power cord to receptacle. 
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5. Apply tinning oil. if available, to the hot tip. 

(NOTE: Do not put the tip into the oil container. Remove a small amount of tin- 
ning oil with a clean applicator or the tip of a clean screwdriver. Allow a drop to 
flow onto each surface of the hot tip's wedge.) 

6. Apply 60**40 solder to the tip's wedged surfaces. 

(CAUTION: Hoi solder may drip from the tip. Allow it to drip onio the wet sponge. 
It car. burn your skm or damage clothing.) 

7. Wipe excess solder from the tip onto the wet sponge. 

8. Disconnect the soldering iron from the receptacle, and place it in the holder to 

cool. 

(NOTE: After the iron has cooled, show it to your instructor.) 

9. Return equipment and materials to their proper storage area. 
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JOB SHEET #2 — ADJUST WIRE STRIPPERS 

Equipment and materials npcded 

1. Adjustable wire strippers 

2. Variety of solid and stranded insulated conductors 

3. Scr(5Wdriv€;r or nut driver to tit adjustment scrcfw 
Procedure 

1. Loosen adjustment screw. (Figure 1^ 
FIGURE 1 



Adjustment Screw 




Stripping Slot 



2. Insert conductor into stripping slot. 

3. Close jaws until you fee! that you have reached the conductor. 

4. Open jaws slightly. 

5. Slide adjustment screw down to its resting position. (Figure 2) 
FIGURE 2 
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6. Strip ofl approximately Vh-inch of insulation. 

7. Check conductor for ring oi nick. (Figure 3) 

(NOTE: if nick occurs, loosen adjustment screw, readjust, and test again until 
insulation is removed without conductor damage.) 



8. Strip off approximately -Vh inch of insulation. 

9. Check conductor for cut strands. (Figure 4) 

(NOTE: Cutting of strands reduces the current carrying capability of the con- 
ductor. Loosen adjustnnent screw, readjust, and test again until insulation is 
removed without conductor damage.) 



FIGURE 3 




Correctly Adjusted 




incorrectly Adjusted 



FIGURE 4 




Correctly Adjusted 




Incorrectly Adjusted 



10. Return equipment and matenals to their proper storage area. 
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JOB SHEET #3 — STRIP AND TIN WIRES FOR 
SOLDERED CONNECTIONS 



Equipment and materials needed 



1. 


Soldering iron (20-30w) 


2. 


60/40 rosin core solder (18 gauge) 


3. 


Soldering iron holder 


A. 


Mechanical wire strippers 


5. 


Two six-inch lengths of 22-gauge stranded wire 


6. 


Acid brush 


7. 


Wire stripper 


8. 


Dannp sponge 


9. 


Safety glasses 



Procedure 

1. Put on safety glasses. 

2. Plug soldering iron into AC outlet. 

3. As soon as the tip is hot, tin the iron tip, remove excess solder with a damp 
sponge. 

4. Using mechanical wire strippers, strip about one inch of insulation from each 
end of each wire length. 

5 Clean stripped wire ends with isopropyl alcohol and clean cloth. 

6. Gentiy twist wire ends in direction of strand twist so that strands do not sepa- 
rate. 

7. Place wire end on heated iron tip and apply solder until solder freely flows aniong 
all wire strands: remove wire and solder, 

8. Clean tinned wire using isopropyl alcohol and acid brush. 
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9. Check that excessive solder has not been applied (outline of all strands should 
t>e visible through the solder) and that wire insulation shows no evidence of burn- 
ing or wicking. 

10. Repeat tinning operation. 

11. Have your instructor check your work. 

12. Return equipment and materials to their proper storage area. 
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JOB SHEET #4 ~ SOLDER WIRES TO TURRET TERMINALS, 

THEN DESOLDER WIRES 

Equipment and materials needed 

1. Soldering iron, with stand 

2. Soldering vise, for holding the terminai board during soldering 

3. Safety glasses or goggles 

4. Wire strippers 

5. Long nose or needle nose pliers 

6. Rosin-^core rolder 

7. Isopropyl alcohol 

8. Acid brush 

9. Bakelite' board with two turret terminals mounted on it approximately tour 
inches apart 

10. Two e^nch lengths of 22 gauge stranded wire, stripped and tinned in accordance 
with Job Sheet #3 

Procedure 

1 Put on safety glasses, 

2. Secure Bakeiite' board in vise so that terminals are accessible for soldering, 

3. Plug in soldering iron. 

4. Properly strip ends of wire. 

5. Property tin wire. 
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8, 
9. 
10, 

11. 

1?. 



Usiru; phV r;; u ,tu\ ptni nf imio wtrr fuound lower guide slot of one turret terminal. 



(NOIE rigufc 1 shows ffu! wire wrapped 180° around the turret terminal. If 
dt-jirod. fric wir^' may bo wrapped 360* around the terminal to rnake a more 
Kccurp mechanical coitnor.tion prior to soldering. However, this may require strip- 
ping and ttnninq a Itinger letigth of the wire end.) 

Usincj soldf^rinp iron and rosin-core solder, solder wire to terminal. 

Cipar? sokkntHl arnvvcAkm with isopropvi -'cohoi and clean cloth or acid brush. 

Check that sok'ciori cofincction is cc 



So!''f.'r opposite (Mid f^f Wire lo tower nuiiK jt of second terminal in same man- 

ne* .Stff>f;; 4 tifKnicjIf 9). 



Stjificf r^eronci loncjii! ot A'irc^ \o upper guide slots of terminals in same manner 



Df;so!ijef ail '-fiiiiuvvtiof!;- as; IoIIowr: 



Apply !u)t !r?-n fip {o terminal to melt solder, and pry wire off terminal. 
Whilo stiu :ipfMviriC) fio! iron tip. remove solder with a brush or solder 




Insulation ^..^ 
Clearance' 
(Approximately equal 
to diameter of wire) 



sucK'n. 



c. 



Ci<Mn rtesoidined Spfrrs; 'al with inopropyl a>cohol and clean cloth. 



Re-turn f.qiiijirf)f:'n* afi(i inatoiial.s to their proper storage area. 
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JOB SHEET #5 — SPLICE WIRES TOGETHER BY ^EANS OF 

SOLDERING AND CRiMPIMQ 

Equipment and materials needed 

1. Soldering iron (20-30 watts) 

2. Crimping tool 

3. 18 inches of #26 stranded wire 

4. 24 Inches of #20 wire 

5. One splice lug for #20 wire 

6. Two inches of shrink tubing fof #26 wire 

7. Heat gun 

8. Electrical tape 

9. Safety glasses 

10. K)/40 rosin-core solder (22 gaugj;) 
Procerlure 

1. i'ut on safety glasses 

2. Cut the #26 wire into three equal lorujHit. 

3. Strip, clean, and tin one end of cuoh k.-nath 

4. Cut the #20 wire into fouf equal lengths 

5. Strip, clean, and tin one end of each length 

6. Trim tinned ends of all wires to 'L inch If.-ngfh 
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JOB SHEET #5 

7. Spiice tinneci ends of one #20 wire and one #26 wire (Figure 1), 
FIGURE 1 

no. 26 Wiro 

iio. ?OWirf' -X 
■i \" 

>- ^^V;'-r>-'v?>/^., Cut 

„ > ■ -<^>-<HM.'-i./-~ ■ 

a. Wrap STtialier wire around larger wire. 

1 " 

y "^^'f^^- ^- A — A 

^8 \ 8 16 

b. Bend wires back and solder full length of twist. 



c. Apply eloctricai tape over splice. 

8. Ifisla!! shrink tubing on one length of #?6 wire. 

9, Splice tinned ends of two lengths of #26 wire sinciudinq the one with the tubinn) 
(Figure 2) 

FIGURE 2 



a. Twist wires together 



b. Solder twisted ends 



JOB SHEET #5 



c. Slide heat shrink tubing over splice 

10. Shrink the tubing by applying heat across the length of the tubing. WITHOUT 
TOUCHING THE TUBING. 

11. Continue applying heat until tubing fits snugly over the splice. 

12. Insert tinned ends of two lengths of #20 wire in opposite ends of crimping lug 
(Figure 3); make sure strands of both wires are visible in slot at center of lug. 

13. Using crimping tool, crimp tx>lh .»nds of lug. 

14. Check that crimp is correct {Figure 3). 
FIGURE 3 




Insert Tinned Wire — ^ j ] j Insert Tinned Win 





Crimping Sleeve or Luq 



Incorrect Crimp 



Wire Strands not Visible 



Crimping Poir?t 








Crimping Points 



Wire Strands Visible 



15. Return equipment and materials to their proper storage area. 



SHOP ORIENTATION AND SAFETY PRINCIPLES 

UNIT I 

JOB SHELT #6 — REPAIR A PRINTED CIRCUIT BOARD 

Equipment and materiais ncocied 

1. Vise or clamp 

2. Soldering iron (20-30 watts) 

3. Solder wick 

4. Safety glasses 

5. Isopropyl alcohol 

6. 60/40 rosin-core soidor {22-gauge) 

7. Typewriter erar^er 

8. Acid brush 

9. Chair> nose pliers 

10. Component lead cicancr 

1 1 . Printed circuit board with two damaged resistors, and open conducting path, and 
a bfoken or removed land 

12. Two replacement resistors 
Procedure 

1. Put on safety glasses. 

2. Plug in soldering iron and allow to heat. 

3. Turn board so that the component side is down. 

4. Place solder wick next to component lead to be removed 

5. Place soldering iron against the solder wick, 

(NOTE: When solder begins to melt, it will flow into the wire of the solder wick,) 

6. Once alt solder is removed frori) component lead and pad, remove the soldering 
iron and solder wick. 

/. Repeat Steps 3-6 for other end of the compor^ont. 
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JOB SHEET #6 



8. 
9. 

10. 

11. 

12. 

13. 
14. 



With soidef removed the component lead imd pad the leads can be twisted 
away from the pad and the comf)onont removed. 

Remove grease and rosin from connections by means of isopropyl alcohol and 
acid brushes. 

Remove oxides from the land by means ot the typewriter e^raser. 

Clean oxides from replacemonl component leads by means of component lead 

cleaner. 

Measure distance between component land connections and bend component 
leads at right angles so that the leads will insert into the land eyelets. 

Insert component leads into land holes so that component lies on upper surface 
of tx)ard. 

White holding component in place, tur.i board over and eit' t clinch, swage, or 
clip component leads (Figure I). 



FIGUHF 1 



CLINCHED 
LEAD 



'i ^'-^Q nun. 



Solder 



SWAGED 
LEAD 



CUPPED 
LEAD 




1 mm. 



1G 




Land 



Equal to or Greater Solder Fillet Completely 
Than Lead Diameter Around Lead 



15. 
16. 
17. 



(NOTE: Clinching provides the best mechanical connection. The leads are 
swaged or clipped when space limitations prevent clinching. If the leads are to 
t)e cljpped. it may be test to postpone the clipping operation until after the con- 
nections have been soldered.) 

Install tioards in clamp or vise. 

Attach heal sink to component lead at each end of component. 
Solder component lend to land at each connection. (Figure 1) 
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JOB SHEET #6 



Replace second resistor by cutting oft damaged resistor and solder new resistor 
to old component leads. (Figure 2) 



FIGURE 7 



Roplijcrnu'iit 
ConipoiH'ni , 



Solder 



/ 




PC BoiJrd 



Old Component 
.^^ Lead 



Repair open in printed wiring by soldering a conductor bridge across the open 
using one of the techniques, (Figure 3) 



FIGURE 3 



Solder Conduclor 
Britlye Acr oss 
Open us Shown 



Sokier 
Full Lvn\W 



J 
4 




Coniiiictof Conductor 
Bridyc- 



8 



Pnntcd 
Wiring 



RiHird 

I 



Insulated 
VV^re Jumper 



Liiruj 




SolcJur Insulateci Wire 
JuftjpiH Across Open 
im C()nduetor Side 
of Boiird 

...or... 



JOB SHEET #6 



Side of Xbv Binud 



t . 



V.J 



MUM. 



20. Repair removed or lifted land. iFirjurc 4) 
FIGURE 4 




Printed 
^.Wiring 



Insulated 
Wiro Jumper 



mm. 



1 

16 



Solder ^ j ~ 



Here 



1 

8 



1 11 



.043^' Hoh? (Typ! 



I and 



Soider \' 




Solder 
Here 



B 



. . . J^j 



Adhesive Fillet 
(Optional) 



Land Lifted 
or Torn 



21. Check all soldered connections tor proper configuration. 

22. CJ.eck that no solder has been spilled to cause possibk) shorts with adjacent 
connections or wiring. 

23. Clean all soldered connections with isopiopyl alcohol and acid brush, 

24. Return equipment and mafenats to their proper storage area, 



SHOP ORIEMTATION AND SAFETY PRINCIPLES 

UNIT I 



TEST 



Match the !ern»s on the fight with their correct definitions. 
{NOTt- Answers to questions a. through rn. appear on this page.) 



a Solution that cleans metals before or during 
soldering, or chemically acts to aid the 
fusion process 

.b. Plastic, fiberglass, or phenolic board upon 
which copper strips interconnect between 
mounted components 

c Junction of two or more metals fused with 
solder 

d Having a curved form which bulges inward 

.e. Any unpianned event, occurring suddenly, 
which causes persona! injury or damage to 
property 

f. Solder-welding two edges at right angles 

g Havinrj a ciirved form which bulges outward 

.h, Stnp )f conductor on a printed circuit board 

i. Surface on which ^inc has been deposited 
by the process of hot dipping or electro 
plating 

.j A material obtained from pine tree 
used during soldering to help ens 
bond between the solder and the n 
faces 

.k. Films and impurities which fosm on the sur- 
face of metals when exposed to air or water 
and which, if not cleared off, will prevent a 
got>d bond between the surfaces and soidei' 

i. Printed wiring attached to the surface of a 
printed circuit board 

jTL Roun i terminal connection point on a 
printed circuit board where component lead 
wires are attached 



1. Rosin 

2. Accident 

3. Galvanized 

4. Fillet 

5. Oxides 

6. Land 

7. Solder joint 

8. Printed circuit board 

9. Run 

10. Conr v> ^'' 

11. Pbd 

12. Coi vex 

13. Flux 
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(NOTE: Answers to questions n. through w. appear on this paqe.) 







The state of being free from danger, per- 
sonal risk, or injury 

Applying mechanical pressure to compress 
a sleeve-type or cuptype electrical terminal 
to ensure a good electrical connection 
between the sleeve and the conducting 
wires it contains 

Flov^ of solder under the insulation of cov- 
ered wire 

To unite (connect) two wires to form a con- 
tinuous length 

Soft mental alloy of tin and lead used for plat- 
ing or fusing metals together 

Plastic material {thermosetting resin) which 
becomes permanently hardened when sub^ 
jected to heat; originally known as Bake- 
tite ; used for printed circuit board 
consttuction 

Removing insulation from electrical conduc^ 
tors 

The ability of molten solder to flow over an. i 
fuse completely with the metal surfaces to 
which it is applied 

The application of a small amount of solder 
to surfaces to be soldered to help ensure 
good wetting during soldering 

Plastic insulating sieeve which shrinks in 
diameter with the application of heat to 
form a sea! 

List six hazards of working with electrical and electronic equipment. 

a. 

b. _ 

c. _ 

d. 

e. 

f. 



J. 



V. 



14. Wicking 

15 Crimping 

16. Splice 

17. Shrink tubing 

18. Phenolic board 

19. Tinning 

20. Wetting 

21. Solder 

22. Stripping 

23. Safety 
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TEST 



Complete the following list of statements concerning facts about electrical shock by 
inserting the word that best completes each statement. 

a. is usually considered more dangerous than . 



b. High ________ tends to knock the victim away from the circuit miniinizing 

exposure time. 

c. High tends to cause the bcxiy to adhere to the circuit so that the 

victim cannot let go. 

d. At about milliamperes the shock is severe enough to paralyze 

muscles, but a person may be able to let go of the conductor. 

Select true statements concerning treating a victim of electrical shock by placing an 
"X" in the blanks preceding the true statements. 

a. To safely remove the victim from contact with the source of electricity, turn 

off the electricity by means of a switch or circuit breaker or cut cables or 
wires by means of a wood handled axe or insulated cutters. 

, __b. Call for assistance as others In the area may be more knowledgeable than 

you about treating the victim. 

c. Check victim'fe temperature. 

d. Check victim's breathing and heartbeat; if heart has stopped administer 

cardiopulmonary resuscitation whether you have been trained In the 
proper technique or not. 

^ e. iJse blankets or coats to help keep victim as warm and comfortable . 

possible while waiting for help. 

f. Raise victim's head slightly above body level to help prevent shock, 

g. If victim has suffered burns, wrap burned area firmly with sterile gauze or 
clean linen or towels. 
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TEST 



Match types i)f fues ov wcM Aim ^?K*}r i!f?*.rr:rti^»n^ 
vl. FifC.'S that crru' »M /fij;.' ;;ir\ Ti Mr'l)»:s|:S'M'' 1 Ciar-'K A 

f materials 



o. Cla:.s C 

c. Firffs that irccw .-^ oit:\ :•); oi amj t^U^i:t?>.>i^^( 

equipment 4. ( la^^s D 

tl pirns that ur.c.ur in vonxbuiAibU: Mi»:tahi 

Match types ot fire extinguishers on thv- r^/iht with thr^r {i^e?.; 

-^- -.^^ Pi^'^cr? foot on tool pump and (hivcA utrearn 1 Carbon dit^xid 

at base of fire: use on cla'is A tifrrs aaly 

2 Halon 

b. Direct disrharpe as clO!se to fjr,? as p<.n.S!ble. 

first at the {?c1ge of flamr^s, ih(?n graUiJailv 3. Pumv ranK 
forward and upwaul: use for class U c:r i:ia^s 

. c instead of spfayuig stream mU? tfH- t.uHP'ncj ^. Foam 
liquid, allow "^oam to faU Ik^Uily on the fir*'- 
use fof c:lass A or c;lass B fires, 

- - Direct at the base ot the flames and \.\\\\\ i 

class A fire. foHow uV hv 0'\^i"<:J]nq Uu: -iry 
<:h(?rnk;a!r at rernaininq fnatt.^riai ihat 
biHuinq; use for class B n\ clar.s (. 

- .... e. Stand back ton feet, hold ii(^rK}ht and iimxA 
at the base of f)n\ ^^y^/f^f'p^nq fra^^ side to 
side: u.^;r for olasr; C tuc-s 
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TEST 

Ma!v:fi ••, ..l<".'';- '.!H' !•..;!;! .v t!'. t!it:! tvp'js and hararUs Ihey designate. 





tv .ij'-iti*v cn^jipmont which is 


1. 


Green 




iff lb (It'ft^ctivo and 










2. 


Yellow 




r.attiV- ■ ou? 0^ i.f'Uer" Of "dctec- 


3. 


Orange 






4. 


Red 




W <^!»-t !i c.U hmtches. interior 








OS r-T dcHirs, nisey and electrical 


5. 


Blue 




ljuxfs i'.nd movatilc guards and 










6. 


Ivory 



/) ff?!lH:ates dan{;o?uus parts of equip- 
niK-v.t \\t)n-\) may cut\ crush, shock, or 
rthtfrvv^se ;>hvv-^ca!ly injure someone 



Apt;M(/(i liiblv i-Jqes. vjso jaws, and 
^ ti;;*^'.' * ri'^.ts w?H*rc extra Mght 
'Cti*>:.jH\n important 

pariiruiar ilf.n^u^fiation oxccpt to 
•^'.efp y.ht'iv. to<'i urni eciuipnient moving 

App!ii»d 'K>?^hjit;!Hf{ious part of 
h'Mo an>i r^C}u}}>miMit surfaces, like 
friH^f'-; I'^tr^ an»j bearirvi .Surfaces 

i Vi>u:n.5tos .vi^ns o! equipment, 
hIV'O i.jr.P'J to ^fhow loc^ition of 
' i*pry 'q^i^P'^'^^'^t 'ind first^ari materia 

Ai.pliMfi to fi^ir^F.^finq lovors, wheels. 
ri;iriMU'S. ar^i tia/ardous parts that may 
«..iu^-:.r -hjrra>lifu^ fiiHuiq. snagging, or 

Appi'.o^d to tHitt^'^fis or levers of electn- 
< tii s .V \\ch c ^: u se c1 for stopping 

iiv; fuisolfju- criHs, which arc fire ha/- 
r^jtstuM ttv^f> U:i tu'i/ ir^^s and fue-fiflht 



TEST 



Select true statements concerning gvnera\ safely rtilos by placing an "X'" in the blani s 
preceding the true statements. 

a Report any defective toots. t(;st equipment, or other equipment to the lab 

partner 

b. Do not move any safety devices (i.e. ground straps, switch covers, etc.) 

without the permission of the instructor 

c. Do not operate or nergize any circuit that could be hazardous without 

first receiving instruction on how to do so safely. 

d. Report all accidents to the instructor if an injury Is severe. 

e. Turn off power before leaving test equipment or circuits being worked on. 

f . Do not use any solvent without first determining its properties, and how to 

use it safely. 

9 Keep the laf.oraJory floor clean of scraps and litter. 

— h. Clean up .my spilled liquids t)efore leaving clasj 

- Isolate line (power) voltages from ground by moans of isolation transform- 
ers. 

— j. Check ail line (power) cords before using and if the insulation is brittle and/ 
or cracked, use and report to the instructor after class. 

.k When measuring voltages with a meter and test probe, be careful not to 
connect yourself to a voltage of any value. 

_l. When measuring voltages expected to be greater than 30 volts, turn off or 
disconnect live circuit before connecting tes* equipment, or follow manu- 
facturer's recommended procedures. 

m. It is recommended that only equipment with a polarized (3-prong) plug be 
used. 

...n Carry sharp-^dged or pointed tools in your pockets. 
_ -O. Do not indulge in horseplay or play practical jokes in any work area. 
.„p. Wear safety goggles when instructor is watching. 
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TEST 



# 



10- Match hand tools and equipment on the right with their uses. 
(NOTE: Answers to questions a. through m. appear on thi3 page. 

, ■. a 



For Inserting or removing in'egrateU circuitb 
without bending pins 



.b. For holding nuts or boit heads; tightening or 
loosening nuts or bolts 

^c. For preventmg electrical connections from 
becoming shorted to adjacent connections 

.d. For removin oxides and other films from 
terminals to be soldered 

.e. For holding components: heat sink: and 
shaping and forming small conductions 

J. For cutting chassis metal and cutting bolts 
or metal parts 

^g. For cutting wire and component leads, and 
stripping insulation from wire 

J) For clamping and holding a printed circuii 
board or other component during soldering 
or other repair operations 

J. For removing wire Insulation by heating and 
melting the material; prevents wire strands, 
but cannot be used on insulation that wiil 
not melt» such as glass braid or asbestos 

J. For loosening small to medium size nuts 
and bolts; holding and turning 

^K. For controlling soldering iron tip tempera- 
ture 



1. Insertion or removal 
too) 

2. Hacksaw 

3. Diagonal cutting pli- 
ers 

4. Component lead 
cleaner 

5. Soldering vise 

6« Combination slip 
joint pliers 

7. Mechanical wire strip- 
pers 

8. Shrink tubing 

9. Adjustable power 
source 

10. Soldering iron stand 

11. Nut drivers 

12. Long nose chain pli- 
ers 

13. Thermal wire strip- 
pers 



J. For cutting and pulling insulation from ends 
of conductors 



.m. For supporting a hot soldering iron when 
not In use 
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TEST 



tNOTf: Answt>ri^ t'MU)t^r.f)or;^ n }hfr;^;h f. d[^i,^»\u on fins ivujo ) 



vviM'. :-^!ri{)pf!?c) n^Mff.'Mum \r(M}\ shp;ir 
hit stnpfnnij 



Ijntniuui s Mik^ cut- 

li) Hole, saws anci hole 
punches 



cullniq .small scrnwj., stnj^pinq insulafion 1G Hex and spline 
ff(^fn wires, arui forrinnq (arrj^^ condiKiors 



vvfcnches 



FOT <:iJ?!uin rK'k>s up tc^ four inches in diarno- 17 rHpclrJciarVs sixain- 
tcf, piinchjnq rounci or Nquare tioles ir) meU^l one too! 



(] Rrmovmc; vM tiu^^tt-^nuiq sciews Bful boils 18 Heat sinK 

f f <>r Ifrihtrfiina or Ioos<?nin0 nocl^ot rnp 19. Scfovvdrivers 
screws, tujhirning or loosrninci so! scir^ws 

Criftipinc? too! 

For iffavvifirj hi^at Ircvn soldeied coruicctiori 
to prt.'Vpnt (i.inuKj^* }r? fiompononts 

t Tor nu^kiru) a strc^nrj mochcifiical conrH^ctiof^ 

to cortrnn r-St^.H^o tvpr tfrrninnfs 

Select trur tUvdfrn-nis (■<-)nrcHnuuj factors tii rnuv.idvr wher' sfMnrting hanti tools by 
placnuj an "X^ m the hiank.s pifocoiJing the trui^ slatenn^nls, 

Toc^i M.re i.tiCH.jki man:he(i t<j trie wc?fK {vrc.isionaliy ^Mieuuntcvreti. 

. fc^olv shoijin !Hsuiata>n on riandlf'S ptif?f;s aruj scrpwdnvcrs. 

- Know tfu- spt^c. ifit alions alter jMirrhasing a tv(M 

Con^piofo the foHf.wifui ^^1 statemontc-^ ouncerning tool inainlc^narux^ pror.o<iures l)y 
insertinc! the worc^isi which in st rornpJeiols) each statement. 

vvo;r! Of fJaritaupti ^!at b\'Mk' ^ccn^vvdnvers 

t^- dnrnaned Phithps/ ^u-r^^wdov^f^rs 

Keep (\\r;u) and rust frf^e 

d. Keep cuttnuj edtje^. sharp anci 

Keep vvr^rKiog fr^f^iy. 



TEST 



i, Repau m ropiart* daniaqtHi on pUors. 

(J. Keep worfii c^jc^irs clean anii v^' a(jjin>{ab!e wrvnches, 

U. Identity tC'C^Is try laheiifUi ,x\\ eltM im* al vibrator i*en iM _ 

Match lypeb c4 sukiefuuj tcK.^ib un tfn* nuht vVfth itKir latei.. 

a. lOto 36 watts For soldenncj ibolateti c^Irr 1 Temperature con- 

tncal connectioin^ eUniinates eiectrical tfxtiled 
leakage and the need for (if^^ndin^ 

2. Scjldenng pencil 

ix 10 to 36 watts Foi soldering stdc^H eUx'tn 

<:al eennections * 3 Solderuu-j qun 

100 watts — For soldering targe etecfncat 4. ISO-TIP 

confioctio!is when better heat r,Qf)tfol if, 
required 

d. For soldefifuj niany cinine^tienvi \v i:krM' 

spaee 

Select Inie statentents related to hoUU^r and Uu% by fjiacinq an ' X * ui thc^ blanks preced- 
ing the true staUfrnunts, 

... The most eomnior^ type of soIcJer w 40 60 ri>sir? eore pokier containing 

40^^. tin and 6t)' lead 

b. Solder for electronic applications is avaiiabU;: in t^ars, r.heets, wire spools 
and special fornis such as pellets, ring^, ancJ wrjsher!:^ 

c. Wire solders in the range from O.ObC tu G.U)" hi diauu^ter are corrirnonly 
used for hand f^oldering. 

d. Flux 1^ a ctHnuical agent used to ;eniovc the tfnn tilmv* of oxide present on 

the inetal surfaces to be soldered. 

. . e. Organic (acids arid bases) fluxes are the most iictive and highly corrosive 
fluxes, they absorb {noisture frurfi tfie atrnosfihere and react strongly at 
room tempcfature. 

f- Rosin is used almost exclusively lor its nonconoivve etiaracteristics at 

room tf^rnperat ure 

List three primary purposes for solder in eh^ctri( al appiicatic^ns 

a. .. , . . . . , _ , 

b. 
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Arrange in ordof the foliowing safe soldering procedures by indicating the first step as 
1. the second as 2, and $o on for each procedure. 

a. Prepare area to be soldered. 

P Remove surface contaminants and oxides. 

2) Apply liquid flux to area to be soldered. 

b. Select the sokiering iron for a specific application. 

— c. Plac" small amount of solder on tip of iron to aid heat transfer. 

d. Prepare solderi icj tip prior to use by a process termed tinning. 

c. "lace tip of iron next to terminal area and lead. 

~ -f- Remove colder from heat after it has flowed and formed a smooth contour 

of solder around the lead and terminal pad, 

g. Allow soldered area to cool 

h. Remove contaminated flux residue from soldered area. 

i. Place soldt-* on opposite side of the lead. 

j. Remove soldering iron. 

Distinguish between types of connections by placing an "N" for no mechanical connec- 
tion, a "P ' for partial mechanical connection, and an "F" for full mechanical connection 
prior to soldering next to their specific types. 



a. 


Wiretowiro 




Wire to-part 


c. 


WirC'tO'turrot or post 


d 


Wireto-hoie 


c. 


Wiro-to cup or sleeve 


t. 


Wire-lo-hooK 


— .^.-g. 


Wire-tofiatiug 
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18. Select true statements concf^nurK^ tvpo?^ ol lU^svhlvnvA] t^u !^ .jr^d t^^nf pmrr^SM^:- by 
placing an "X" in the b!anf<s {-irecrdifiu trn ^ triM - staten^rnts 



The desokioring bulb usod tu rrrtu-vr v soliitn trr-ni t^.i;- ronnco 



The solder ^:;uckr;r is usoci in the s.iruv^ t?\'<?i[)pr af. lh#. tir:^'Okit'*runi bulb 
oxc€3pt that the suction is ;;foUticed t)v a ,spr<Pf; k/nuitHi pislvvi 

c. On thf? desokJerinq bulD. the \iqu}6 i^DUitJ isdra^vr^ uj' mtv) fho t)u!b by the 
suction. 

_d. The soider wick iS pitU'rd over terfiMrui! ufva and i^iai to lu* dosokiored. 
_ f I he solder w*ck is used Kh cU^soiclt^nno ( r>ni;:»or^''nt l(\id:'». 



19, Complete the following chart ck'-af^of":' U]i:;fK ;uifs hy rfHff>( Mv U\\nii\ in Uih 
blanks. 



tk)n. 



ApplfCiition 




t 



Lubricant 




TEST 

(NOTE; If tho fo!towin<i activities havo not been accomplir.tiod prior to the test, ask your 
instructor when they should bo completed.) 

20. Demon St f at p the abilitv to 

0 Prepare a soidorine, iron tip for use. (Job Sht^et #1) 

b Adjust wire strippers. (Job Sheet #2) 

c. Strip and tin wires for soldered connection;^. (Job Sheet #3) 

d. Solder \\ 'cs to turret terminals, then desolder wires. (Job Sheet #4) 

e. S[>!!co wu s together by means of soidet ng and crimping (flat cable). (Job Sheet 

f. Repair a ptnitecl circuit board (Job Sheet #6) 
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i 


3. 


1 'i t 'J 
Iv'J 1. o 


Q 


lb 




b 


8 j. 1 


r. 


21 




c. 


7 k, 5 


s. 


18 




U. 


in 1 £^ 


t. 






0. 


d m. 1 J 


ti 


20 




1 


4 n. 23 




19 




g 


12 a 16 




17 




h. 


9 p, 14 






2. 


a. 


Electrical shock 










Electrical buins 








c 


Electrical fires 










Injury from misuse of tools 








o. 


Chemical burns or poisoning 








t. 


Gas inhalation 






3. 


a. 


•t^urrent. voltage 










Voltage 








C. 


Current 








d 


10 






A 


d. 13. 


e. g 






D. 


a. 


'« 
1 








D- 












J 








d- 


4 








c*. 












1 








c. 


5 








d. 


4 








() 


2 






7. 


a. 


f) 








b. 


3 








c. 


6 








d. 


1 








e. 


2 








!. 


4 






8. 


c. i 


a, t, p. i, k. 1, m. 0 
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ANSWERS TO TEST 



9. 



a. 
b. 
c. 
it 
e. 
f. 

g- 

i. 

j. 
k. 

I 

m. 

n. 

D. 

D. 

r. 

w. 

X. 

y. 

aa. 
bb. 
cc. 
dd. 
ee. 
ff. 

99. 



Long na^e chain pHors 

Diagonal cutting pliers 

Lineman's side cutting pliers 

Combination slip joint plieris 

Flat blade; screwdriver 

Phillips" head screwdriver 

Torx driver 

Pozidriv" 

Hacksaw 

Holesaw 

Adjustabie wire strippers 

Electrician's six-in^ne tool 

Adjustable wrench 

Wrenches 

Nut driver 

Drill and drill bits 

Wire gauge 

Hemostat clamp 

Ballpeen hammer 

Rat file 

Half round file 

Precision file 

Center punch 

Square hole punch 

Round hole punch 

Mechanical wire strippers 

Thermal wire strippers 

Soldering iron stand 

Soldorinp vise 

Solder sucker 

Crimping loo! 

Heat sink 

Component load cleaner 
Insertion tools 



10 



a. 

c. 
d. 
e. 
f. 

g 



1 

11 

8 
4 
12 

2 
3 



h. 
i. 
j. 

i. 
n 



5 

13 

6 

9 

7 

10 

17 



o. 
p. 

q 

r. 

s. 

t. 



14 
15 
19 
16 
18 
20 



11. 



12. 



a 
b. 
c. 
d. 



Regrtnd 
Discard 
Pliers 
Smooth 



0. Pliers 

f. Handle insulation 

g. Lubricated 

h. Scratch aw! 
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ANSWERS TO TEST 



13. a. 4 

b. 2 

c. 3 

d. 1 

14. b. d { 

15. Any three of the following: 

a Makes connections with virtually no resistance to olectriaal current flow 

t). Prevents corrosion ot conductors, connoctions. and parts 

c. Makes connections mechanically stronger 

d. Soals containers to keep out dust and moisture 

16. a. 3 f. 7 

b. 1 Q. 9 

c. 4 h. 10 

d. 2 i. G 

e. 5 )• 8 



17. a. N 

b. N 

c P. F 

d. N 




g. P. F 
ie. b. c. d 



a 


Ethyl aicotio! 


b. 


Petroleum solvent 


C- 


Isopropyl alcohol 


d. 


Kerosene 


e. 


Aikaline solvent 


f. 


Trichlorethylone 


g- 


Petroleum solvent 


h 


WD40 or 3^in-1 oil 



20, Peff( fmance skills ovnluatccl to the natibfaction of the instructor 




INTRODUCTION TO DC 

UNIT It 



UNIT OBJECTIVE 

After completion of this unit, the student should be able to determine resistance and capaci- 
tance using the resistor color code, apply Ohm's law, and use a voltmeter and ammeter. Com- 
petencies v'ill be demonstrated by correctly performing the procedures outlined in the 
assignment and job sheets and by scoring a minimum of 85 percent on the unit test. 

SPECIFIC OBJECTIVES 

After completion of this unit, the student should be able to: 

1. Match terms related to introduction to DC with their correct definitions. 

2. fk/Iatch common p?rameters used in electronics with their correct symbols and 
units of measure. 

3. Complete a chart of numerical decimal equivalents and powers of ten prefixes. 

4. State the numfc>er which corresponds to the correct color in the resistor color code. 

5. Determine resistance using the resistor color code. 

6. Match basic circuit elements with their symbols. 

7. List the two types of resistors. 

8. Complete a list of meter ranges for analog and digital meters. 

9. Match types of meter scales with their correct uses. 

10. Arrange in order the general steps used in preparing a multimeter for operation. 

11. Distinguish between a voltmeter and ammeter. 

1 f"' '^^ 
i U4, 
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OBJECTIVE SHEET 

12. Arrange in order the procedures for measuring voltage. 

13. Select fronn a list procedures for measuring amperage. 

14. Complete a list of procedures for measuring resistance. 

15. Select true statements concerning amperage measurennent characteristics. 

16. Complete a list of voltage measurement characteristics, 

17. State Ohm's law, 

18. List three uses of Ohm's law. 

19. Select true statements concerning magnetic properties. 

20. Discuss the use of the left-hand rule for conductors and coils. 

21. Complete a list of statements concerning the method and effect of induction. 

22. Match types of grounds with their correct descriptions, 
23- Match static electricity controls with their correct uses. 

24. Solve problems for an unknown voltage, amperage, and resistance. (Assignment 
Sheet #1) 

25. Calculate the resistance values from given color codes, (Assignment Sheet #2) 

26. Read analog voltmeter scales. (Assignment Sheet #3) 

27. Convert amperes to milliamps and microamps. (Assignment Sheet #4) 

28. Read analog ammeter indications, (Assignment Sheet #5) 

29. Demonstrate the ability to: 

a. Measure and compare current in a circuit at two different voltage levels. 
(Job Sheet #1) 

b. Wire a functional relay circuit. (Job Sheet #2) 

c. Measure the voltage drop in a DC circuit. (Job Sheet #3) 

d. Demonstrate that magnetic poles can attract and repel. (Job Sheet #4) 

e. Construct a simple electromagnet and check its operation. (Job Sheet #5) 
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INTRODUCTION TO DC 
UNIT II 

SUGGESTED ACTIVITIES 

A. Obtaui ackiitiufiai niateriais and/or invilo resource pfK>ple to rl;-iHs to suppli^TM'nt'reirv 
force inforniation provided in this unit of instriictton. 

(NOTE: This activity should bo completed prior to the teaching of this unit.) 

B. MaHr transparencies from the transparency masters included with this unit. 

C. Provide students with objective sheet. 

D. Discuss unit and specific objectives. 

Provide students witfi information and ass^jgnrnent sShcets, 
F Discuss information and assignment sheets, 

<NOTE: Use the transparencies to enhance the infprmatiori as needed ) 

G. Provide students with job sheets. 

H. Discuss and demonstrate the procedures outlined in the job sheets 

I. Integrate the following activities throughout the teaching of this unit: 

1 Help students memorize the color cocit^ for resistors using a mnemonic {mf?mory) 
device such as the following; 

Bad Boys Race Our Young Girls, But Violet Generally Wins. 
01234 5678 9 

You or your students may wish to make up a device of your ow/n. but it should be 
' tressed to the students that they must memorize this color code, and this is one 
Wc;y to help, 

2. Show studentt examples of resistors and have them identify the various types, 

3. Explain test lead connections to students. 

4 Demonstrate the use of the left-hand rule for conductors arid coils. 

5. Show examples of static electricity controls and discuss their benefits. 

6. f^c>et individually with students to evaluatf their progress through this unit of 
instruction, and indicate to them possible areas for improvement/ 

J- Give test. 

K. Evaluate test. 

L. Retcacfi if necessary 



ERIC 



90 



INSTRUCTIONAL MATERIALS INCLUDED IN THIS UNIT 

A Ot^jtTtivc- shoot 

n SiJijqoi.teti activitit^s 

D "lransparc>fK:y inastc^r?; 

1. TM 1 Rosistof Ci^lor CoUo 
? TM 2 Analor^ Multimetef 

3. TM 3 - Diqital Multinioter 

A TM A - Coffcct Voltage MeasurenuM^t*:: 
5. TM 5 Corrrcl Ampc7rnqc Mc^asurrnirnts 

b TM 6 C^orrect Hcsistancc Measurpnionts 

7, TM 7 - Mannotic Lioes of I'ofcr 
y, TM 8 — ifuiuclion 
t' A!;Sic}nmnr»! shoots 

1. Assigninent Sh(K:*t ^1 - - Sulvt? Rroblonis For an UnKnown Vottaqc. AiTUj^raqe. anci 
Rosistancc 

2. Assiqrmirnt Sheet #2 - Calculate tiio Hosislanco VaUjos f rorn Given Color Codes 

3 Assignment Sheet #3 — Road Anaioti Voltmeter Scaieu 

4. Aisir^ignmont Ghoet #4 Convert Arnpcres to MHIiarnps and Microarnp^ 
[5. Assignment Sheet #5 Rcaci Anatoq Ammeter Indieations 

F Answcrr^ to assignment shoots 
G Job fiheets 

1. job Sheet ^1 Moasiire anci Compare Gurf^'nt in a Circuit at Two Diftorent Volt- 
aye Levels 

2. Job Sheet #? Wire a Functional Relay Circuit 

'A Jot) Sheet ^3 - Meatuire the Voitacje Drop in a DC Circuit 

4 Job Sheet #4 — - Dernimstrato That Maqncttc Poles ran Attract and Repel 

1 05 
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INSTRUCTIONAL MATERIALS INCLUDED IN THIS UNIT 

5 Job Sheet #5 - Con«^tfUi.:f a Striiplv' t Icctfuinatjnct und Chcr.K itr, Dpcriition 
H. Tost 

I Afi^v^crs to tt'St 

REFERENCES USED IN DEVELOPING THIS UNIT 

(NOT F. The following is a list ot rotrtcnccs ustxi in complctinq thts unit.) 
A Gioti. Bernard, f^ds/c tlectronia^. Now Yofk; McGraw-Hili Booh Go, 

B. Hali. DoiiglaR V M,croijrocvr,sors and Digital Systems Nf^w York: McGraw-Hill. 1983. 

C. Horrir.h. Clyde N. Instrunients and MPu^iUfcrnvnt^s for hiCCtromcs. New York; McGraw 
Hill m'J. 

D. Horviith. T Static Eiimmaiion letctiworth. r.ruilarKl; Research Studies Pros^<^. 1982. 

t New Mexico Vocational industrial Safety Guide. San! j Fc. NM; New Mexico State 
Department of Education 

F. Robeftr.on, L. Paul, tos/c fJectrinncs I (Reviaed Cdttian) Stillwater. OK: Mid America 
Vocational Curriculum CtJitsortiuni. 1982. 

G Siv^tMHl. Leo N. Iniroduciion to Industrial tlvctnat)/ Blvctromcs. Stillwater. OK OKia- 
tiorjKi Curriculyrn ;^nd Instructional Mittcrials Center i9H1. 
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Terms and definitions 

I- tiv^iiH U't^f.^M't A Ct:>\r {>i M^ft 'fi'!) ihii! t^Mt'<p(u,uil\ irirUiiKii.'od by 

(■)att'\i With ?hr' pf 'vVt'' ^-i.-uu't/ 
pf(.^f$U(.:r^ ai*« vxIph^,-^.- r :uy\*:i\K Mr h.l 

K. Muqnt'tisn^ -■ A prrprrtv roftau; rriat- nnJv* ^/.r* . I< ^^^^^r^s a luvH hciOit.al 
inrrron r-iht^r n} atv rush;, arni au;.(' -i^^iiju-i.; voSI ti^vs m rondu(> 

tor^r. v\fM*n relate*: tiu^wrr*^n; ;;r4;s<';nt 

ra/uii^N 

U ParanuMff A s;a*^af < a ^ U fTuait .a^Mtli), i .aar-r riMf^^s ttn- .aUu^ 

r:irf i.h. var (a!'*r's 

() HuKKiltai (^aft-rr^^sa^ - '!fu^ <^N, * tMiMu'-tra- ra.r- ;Javrl*va'a ivtiw^'^-n tWu 
pairUs 1h ^! lea ves la^;^:^^^: I'litM nt t^rouif^ a n.a^j iha^ ts t,aaM:(a tinJ acfiiss 
a r^PHiri 
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P Range — Establishes the limits of a s( air 
Q. Resistance — Opposition to current 

R. Resolution — How well thf? instrununit wdl indKaik^ a stiiali cl uige in the 
measured value 

Example: A precise, accurate, and sensitive niotc^i may respond by mov- 
ing the meter hand Vif/* fur a small charnje in measured amper- 
age, I! the scale is r^arked only one division per inch, the mete 
vtfouid still lack ^'resolution" since Itie operation could not deter- 
mine what amount of current change this represents. 

Sensitivity ~ How well an instrument responds to small measurements or 
small changes in the value being measuied 

T Short circuit An abnormal connection of relatively low resistance 
between two points of differing potential m a circuit 

U. Static electricity — The storage ot electrical energy 

(NOTE: Static electricity in an uncontrolled environment can damage y ie 
electronic components. The human body can accumulate a static chiuiQe 
that IS lethal to these sensitive components. By walking across the floor 
(carpeted floors especially) and wearing ny>on or polyester clothing, the 
human body can reach a 1015 KV potential. This potential can cause a 
spark of 10-1(X) amps and last 10*^ - 10'^ seconds.) 

V. T^e reciprocal of a number - One |1) divided by that numben 

Example: The reciprocal of ? is v.* (one divided by two) or .5 

The reciprocal of 4 is <onc diviiicfd by four) or .25 

W. Tolerance — The acceptable amount of variation from an ir^dicated value 

X. Variable ~ Changeable or capable of being uharujcd 

(NOTE: A resistor whose value can be chr^nged ih i:alled a variable resistor 
or potentiometer.) 

Y, Volt ~ The unit of measurement of electromotive torco 

(NOTE: One volt forces one ampere of current throuQfi one ohm of resist- 
ance.) 

Z. Voltage — Electrical force or pressure tliat caus«'s ttu? flow of electrical cur- 
rent (electrons) 

AA. Voltage drop - - Difference in voltacje nuviSiireci ac jc^ss a component in a 
circuit 
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Common parameters used In electronics 



QUANTITY 


SYMBOL 


1 UNIT (ACCEPTED ABBREVIATION) 


Current 


1 or i 


AmiiPfp 


Charge 


Q or p 


Coulomb /C) 


Power 


p 


Watt AAA 


Voltage drop 


V or V 


Volt (V) 


Voltage applied 


E 


Volt VsTs 




R 
n 


unm 


Reactance 


X 


Ohm (12) 


Impedance 


z 


Ohm (ii) 


Conductance 




Siemens (S) 


Admittance 


Y 


Siemens (S) 


Susceptance 


B 


Siemens (S) 


Capacitance 


C 


Farad (F) 


Inductance 


L i 


Henry (H) 


Frequency 


f 


Hert^ (H^-) 


Period 


T 


Seconds (s) 



1 



Numerica! decimal equivalents and powers of ten prefixes 



UNIT PREFIX 

Giiga 

Mega 

Kilo 

Mjili 

Micro 

Nano 

Microniicfu or pico 



SYME^OL 



G 



M 



K 

ni 

(Greek, ii) 
// or ^) 



MULTIPLIER 

1.1)00.000.000 {10"} 
1.000,000 (10') 
1.000 110] 
.001 {101 
.000001 {10"] 
.000000001 {10] 
,000000000001 {10-] 



f- xamplcs: A 220.000 ohm rosistor could br ropfcf.enlod as 220K or .22M. A 25 
watt resistor could be represcntcKi as 250 mW 
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IV Resistor color code rffansparencv 1i 

A. Black 0 

B. Brown i 

C. Ro(3 2 

Yollow 4 

G- BluP li 

H. V)u!et - 7 

i Gfiiy 

J. White . . 9 

K. Goiil - . ' 

L. Sitvor 01 

tNOTE' The l^'llOwinc f',^f<:r to tr;!crancc band.) 

M Goici ± ir . 

N. Silver - ± 10 .. 

0 No color :t 20- 

V. Determining resistance using the resistor color code (Tft^nsparency 1) (Assign^ 
ruer^t Sheet #2) 

A Fifbt ruk?r tjand fr:!<ises! to enti? firt^t Kipn iftcant digit — Use color code to 
co/ivt^r! color to a fiurnter 

hxampk?. if first band ii. rod. Ihis convorts to a 2. 

B. Sccorv .oior band n\ *^£K;onci significant digit — Use color code to convert 
cok^r \\, a fuirnbof 

Fxaniple If socof^d i uuj if; brown, this converts to a 1. 

C. Third cok>r band fs the muUipner Use color code to convert color to a 
ruirTiber which »^ \hi: exporuuit of 10 or the number of 7eros to be added to 
the signif iCiint ni?n)befs 

r.xatnpl/-: H third barnl \{> orany*;. ttns nonvprts to a 3: this is 10' or there 
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D. Fourth coior band is the toknanre 

1 It band is gold, toleranco ±b' ^ 

2. !f hand sUver. tolerance is :t lO^'s 

3. It there is no band, toloranc^ \s ±20 . 

Exaniple: For a resistor with the first band red, second band brown, third 



band orange and the fourth band one of the following then the 
acceptable resistor nieasurument would range between: 

1. Gold 19 000 and 21 000 ohms 

2. Silver 18 000 and 22 000 ohms 

3. No band 16 000 and 24 000 ohms 



E, Fifth color band 

1 In military appHctUions the fifth band indicates the failure rate. 

2 In precision resistors the fifth band indicates the tolerance and the 



first, second, and third bands represent the significant digits with the 
fourth band as the rnuHiplier. 



Basic circuit elements and their symbols 



A. 



Power souh.es 



1 Battery 





2. 



Gerierator 
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3, Transfof rner 



Load 

(NOTE: Al! wires used in the electrical circuit provide a certain amount of 
resistance to current. All the devices connected to the circuit to produce 
light or heat offer resistance to current flow. This is called load.) 



1. Resistor 



Fixed 



b. Resistor potent iorrieter 



^ Q 



Rheostat 



2. Lamp/liQlit 




3, Loudspeaker 
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Circuit switches 

(NOTE: in the switch opon pasitiot), current cannot flow through the circuit. 
In the switch closed position, current can flow through the circuit. These 
ae hand operated switches. i 



1. Switch open 



2. Switch closed 



3. Relay open 



A. Relay closed 



o — - ^ 




(NOTE: The relay open and relay closed are electrically operated 
swjich^^s.) 

Circuit conductors (wiics) 



1. CondiJc:ti)r 



100 
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2. Conciuctofs conncctccJ 



Of 



Conduciofs not connected 



3. Conductofs not connectn<^ 



Conductors connected 



VII Types of resistors 

A. Fixed 

1. Carbon-composition resistors 





Molded resistance 
element 

Tinned leads' 
2 Carborvfilm retiistor 



1 W 



hi W 



Metal film 



End cap 
Le*?ds \ 



Cerafnic 



Epoxy coating 
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3. Wire-wound resistor 




4, Film-element resistor 




B. Adjustable 

1. Carbon-composition potentiotnetcr 



f 




2. Wire-wound vuriabif rcsistot 





1 ^ • 
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INFORMATION SHEET 

3. Wire wound potentiometer 




4. Wire-wound rheostat 




Vtli. Meter ranges for analog and digitai meters 

(CAUTION: Proper meter connections must be established to avoid damage to 
analog meters.) 

A. DC voltage ranges 

1. Analog - 2.5. 10. 50. 250. 1O0O. and 5000 volts fTransparency 2) 

(N )TE: Thfe ranges given are for a Simpson 260. DC voltage measure- 
rrifcnts Ebove 1000 volts put the red lead into the 5000 volt DC termi- 
nal.) 

2. Digital - 200mV, 2, 20, 200, and 10CK) volts (Transparency 3) 

B. AC voltage ranges 

1. Analog - 2.5. 10. 50. 250. 1000. and 5000 volts 

(NOTE: AC voltago measurements above 1000 volts put the red lead 
into the 5000 AC terminal.) 

2. Digital - 200mV. 2, 20, 200. and 750 volts 

C. DC milliamps range 

1. Analog — 1mA. 10mA. 50mA, 100mA, 500mA. and IDA 

2. Digital - 200A, 2mA. 20mA. 2A and 10A 

(NOTE; For measuremerits greater than one ampere, plug the red 
lead into the 10A terminal.) 

ER?C 
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D. AC (luUh'vnps uinqp 

I Afialop - 1mA. 10mA. 50mA, 100mA, 500mA. and 10A 

{NOri For inoasurenieiits prealer than one amp, plucj the red load 
into the 10A termrnal.) 

Oiqital ?00A, 2niA. 20mA. 2A, and 10A 

I NOT F' For mrasuremonts greater than one amp. plug the red lead 
into the lOA termmaL) 

E. Ohfi] ranger? 

1 Analog XI, XKKX XI 000. and X10 000 
2. Diqita! O-200, 0-2K. O 20K. O 200K. 0-2 OOOK. and O 20M 
Types of meter scales (Transparencies 2 and 3) 

A. ?,5 volt AC scaio - Used to do nonlinear indications below 2 volts 
B DB scale - Used for power level measurements 

G. Ohm's scale - Used for resistance measurements- Zero readings will 
always indicate a short. Readings at the left most side of the scale indicate 
infinite resistance or an open, 

(NOTE; Whert using an analog meter the most accurate readings are 
obtained when a range is chosen that provides an indication on the right- 
hand portion of the scale.) 

D. DC scale - Used for direct current/voltage measurements 

E. AC scale - Used tor alternating current/voltage readings 

General steps used in preparing a multimeter for operation (Transparencies 2 

and 3) 

A Select function to be measured, 

Fxauiplf^s. Vc^lts, amps, niilliamps. ohms, megohms 

B. Select tfm fringe or anticipated hmits of measurement required. 
Exampies: 500 m A. 20V. of x 10012 

(N07E: Sofnf^ rnultiftietef range switches al^o select certain functions. 
{Transparency ?]j 

C. Connect tof^t leads to proper test jacks. 
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v'?;v1s V'- the s; jJi ; 



XK Char»irtpri5;tics of meJers 



/4 



Procedures foi nieasunng voUage Hmm ^.i^ ' , 
I ^..lMi;• - r>C,. ^ in. r Ai 

■NOff. Une h.qh('St fane;-.' i? v/nKiOf hiiKn,..Ar: C;;f;nrv:! voiifiurtt-i across 




# 



o 
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Procedures for measuring amperage jTrarhsparoncv 5) 

A. Turn oft power to circuit under test. 

B. Position meter to correct scale. 

C. Determine correct range 

(NOTE: Use highest scale if aniperaqe unknown.) 

D. Observing pDlarity, connect test leads to meter. 

E. Connect meter in circuit to be tested, observing polarity and connecting in 
series with the circuit. 

R Turn on equipment under test. 

G. Obsen/e meter readif'.p, 

H Position range switch to correct scale for most accurate reading. 

I. Determine correct amperage reading. 

J. Turn off power to equipment. 

K. Disconnect meter. 

L Reconnect circuit. 

f^. Turn off meter 

Procedures for measuring resistance iTransparency 6) 

A. Turn off power to circuit untio.t test. 
(CAUTION: Be sure circuit is totaUy de energjzed-) 

B. Position meter to tfie correct function position, 

C. Position meter range switch to one of the resistance scales. 
D- insert meter leaiis in correct rnetf^r jockr>. observing polarity. 
E. Isolate component to be checked 

txample. Disconnect one end of cornponenl 

F- Connect meter across cornponent to be measured. 

G. Det jrmme correct meter posUion closest to center scale or toward zero, 

H. Perlorm zero ohms adjustment accordirig to manufacturer's manual, 
K Reconnect meter to compunent. 

J. Read meter for ohmic value, 

K. Remove meter leads. 
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XV 



XVL 



XVII. 



Amperage measuremen! eharacterit^lics (directly in ^eue^) <TfarKsparefiry 5) 
A. All CHurrnt p.u^sr^ thfvHu;h tr'r a!T-r?ii tr;. 

C Alternatinq ciurent ^iuvvi turrt-nl i ar) bv nn^H^r^uwd 

Voltage measurement characteristics {direct parallel measurement) iTrans 
paroncv 4) 

A. Voitfnftrr prr?brs (*ofimM/t dfrnrtK ac ross torrninot^. 

Techniquos linntrcj to nKKlrraln AC (u [x; vnltaqe:^ 

Ohm's law— The current {amperes) in an electric circuit equals the electromotive 
force or potential (volts) divided by the resisti^nce (ohms) 



R 




XVIII. Uses of Ohm's lavy l A; ^ n;n,n:{ lih^ t ! n ? 



-A/VV 



What iK ttio fo^J^J«^^»f vniMf^ U^^- n-^^sr^.u mi U)i'. uir 



10 v<>i!s 



R :^ ' 



♦5 , ' 

i 
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I. 



I ^ ■ i 
h 



4- 



XIX. Mognt^tic proprrtit^fi 

A. M;.oM>^t.c t.-M - . • 
1 Art- 
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f' Pur.illel lines poinq m {bv- pamr- direction rrpel trach tether 

C. Attract other lines gomg m the opposite direction 

7. Exori tension along their lengths, lenf'ing to shorten themselves 

(NOTE: It the two poles of a magnet could move, the imes of force 
would eventually pull the two poles together.) 

H Pass through ail materials, both magnetic ami nonmagnetic 

9. Aiwciys enter or leave magnetic materia! at right angles to the sur- 
face 

10. Tend to flow in paths of least opposition 

B. Magnetic field 

1. Area around magnet through which force lines flow 

2. Direction of flow is always from north pole to south pole, except 
internally 

C. fk^agnetic flux 

1. Sum total oi magnetic field force lines flowing front north pole to 
soutfi ptile 

2. SymtK)! hn magnetic flux Grt'cK letter phi ('^) 

3 Unti of flux - ■ Maxwe?il; one maxwell (Mx) equals one lino of force 

F;xaniplf: If i\ magnetic field contains 6 lines of force, the flux of the 
magnet is 6 maxwells, or 'i' = 6Mx 

4. Flux density — Number of forces iines per given area 

a Symbol B 

b Unit of tlu>, density — Gauss (Gi; one gauss (G) equals one 
force line per square centimeter 

c. In the magnetic field shown on the following page, total mag- 
nv-='tic flux (frorTi point X to point Y) iS 8 lines of force, or 8 max- 
wells, expressed as 'l- ~ BMx, 
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INFORMATION SHEET 



(1. The flux density iB^ ut r-n*' -n;-.)*;'!- i < ft,*-, 
gauss. cxprcr.scMi n 

1 CM-' . X 4- v 0M> 




(NOTE: A typical one pound niaunet nuqht havi> ,i nKuiiu^tK of 
5000 maxwells, and a flux denbit> v^f 1000 '.idus,-. \ 

The use of the left hand rule lor conductors and coils 

A, Left-hand rule for conductors 

1. Grasp conductor with left band *as showfv n akuv,; suit !ivj??5b ib 
pointing in direction of electron flow m \hv conductor 

2. Direction of magnetic field flow in ihc direction ot tho Uhh firi<Hns. 
from large knuckles toward fingertips 



Direction of Magnetic F-irrid 



e~ 
CZ 



i^-^. 



Conductor 



Direction ot_ 



B. Left-hand rule for coHs 

1. GravSp the coil with left hand as stio*vn tn-icA^ tb.^t tf^'.: U''u^ l^niji^rs 
Ifrorn knuckles to fingertips) pouit rutvci^on oi i^U^rvoi) tk^v-v 
through the coiled c:^>nductor 

2, The thumb now points toward the north pole </t Ifu t'kc.trofnc^qnet 



rif iTifii^ li"] 




^CAUTION: Do not wrap hand around an energized coil.) 
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INFORMATION SHEET 

XXL Method and effect of induction , f!:^fn4\irrrir v H) 

A M^•^h,u! 

^ Mtu-;nvtjr Mo!c) hfM-^ of tnra.' flow thro'igh the iron bar 
:^ fhr uon t/ar her^'^rnrs f U '»:.;ronv^cineti/od 

(1 r-i: i .i^ r)fMf r^yrh ^.rw*> ,>f n^aqnrt Docomcs south pole of 
^ '-^-^ ^'^'^ --'^^ .u south pole,' of njaqnel bt^comns north pole of 
'V "ht- :}r*nuxiU'iM n■i■v^l^vl .ittrarts thp ifC)n t>af 

XXH. Types of groiirids 

iNOIF A u^-^ w-ri ;.^f th^.^ ui-r^/MtKir t.' both positive anti ficflative voitages.) 
A ^>Mr%ji or i.(,-:f?n r, yUvu^rtil ■ VoUacjt^ refrfence pou'*t o? current return 

^ uroii'^! : : ■ A ff-Hj :>ipt^ :hat \s Ihumi in 1hf.» earth 
C CrMr.sis nfoiiir:] ^ v^v^» (^t>nr>octerj to a fTiet<:!» t^har^^^ts or outer 

XXIIK Sialic electricity controls 

A \ /fist stfdfjs ■ li>lfMr;jt(.' f?f-rsi)f)n'M \n\o qroundnig r^ystem 
B Sfor)! rnv^^fs {H-rv;h top^ a::d (^rouad cord*, G:vc: porallel leakage paths 
A}( I'lnt/C'!:^ • lh.ua to u:>?n/o the aif around ar* jniniecliato wofk area where 
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Resistor Color Code 




First Number 
Second Number 




Failure Rate 
(Military) 



Tolerance 



Multiplier 



Color 


First 

Niimhpr 


Second 

Numt)fir 


Multiplier 


Tolerance j 


Failure 
Rate oer 

1O0O hrs. 


Black 


0 


0 


1 


±_20%_ 


L5% 


Brown 


1 


1 


10 


± 1% 


M 1% 


Red 


2 


2 


100 


± 2% 


PO.1% 


Orange 


3 


— ■ — " — - — ' 

3 


1000 




R 0.01% 


Yellow 


4 


4 


10000 




S 0.001% 


Green 


5 


5 ^ 


100000 




T 0.0001% 


Blue 


6 


6 


1000000 






Violet 


7 


7 


10000000 






Gray 


8 


8 








White 


9 


9 








Gold 






0.1 


± 5%^ 




Silver 






0.01 


± 10% 




No Color 








± _20%_ 
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Analog Multimeter 




Ohms 
Scale 





Ohms 

Zero 

Adjust 



Function 
Switch 



Test Jack Range Switch 
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Digital IVIuftimeter 




Correct Voltage Measurements 




Correct Amperage Measurements 



• ^AAr— ^ 

[amp: 




+ 

Measuring Amperage in Series Circuits 




Measuring Amperage in Parallel Circuits 
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# Correct Resistance Measurements 



+ 




Isolating Component by Rennoving One Lead 




Isolating Component by Removing All Leads 



il 



TM 6 
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Magnetic Lines of Force 




Unlike Poles Attract 




Like Poles Repel 



13i 



TM 7 



Note Opposite North-South Poles 

1 
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INTRODUCTION TO DC 
UNIT 11 



ASSIGNMENT SHEET #1 - SOLVE PROBLEMS FOR AN UNKNOWN 
VOLTAGE, AMPERAGE, AND RESISTANCE 



Part A 

Directions: Apply the appropriate tormula from Ohm's law to find the voltage in the following 
problems. 



Example: 


2 amps, 80 ohms = 
Answer: E = IR = 2A 


voits 

X 60S2 = 120 volts 




ProLiems: 










Amp$ 


Ohms 


Volts 


1. 


20A 


m 




2. 


4A 






3. 


9.6A 


2.bU 




4. 


5A 


3U 




5. 


76A 


o.mi 




6. 


2 X lO ^A 


5 X 10'^n 




7. 


1 X lO^-A 


10 X WHl 




a 


8;. A 


IMli 




9. 


2mA 


2K1J 




10. 


1A 


Ml 
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Part 8 

Difi-t.ti M-,;- 

1 

«. , 

:< 

A 
1, 

it 

7 

u 



ASSIGNMENT SHEET #1 




Volts 

1 u>v 



Ohms 



Amps 



*:1 



If! ' 




1 KV 
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ASSIGNMENT SHEET #1 



Part C 

Direetiomv Apply tht.- apprupnyto lormula to iind rt^sistjncp 

Cxantph' 440 vt»!ts. 10 amps - , otirns 

AnswtT. H h:} " 'MOV 10 A = 44 oMmtj 



2. 
3. 
4. 



6 



6 
7. 
8 
9 

10. 



VoHs 



24V 

^2V 

230V 

24V 

r4V 

12V 

1 KV 

! X UI V 

2 b X n« V 



Amps 

9.6A 

r-A 

5A 
BA 

2 rnA 

3 mA 
{hum 

0.5 X 1U A 
f) X ID A 



Ohms 
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INTRODUCTION TO DC 
UNIT II 

ASSIGNMENT SHEET #2 — CALCULATE THE RESISTANCE VALUES 

FROM GIVEN COLOR CODES 

1. Compute the value of the following resistors- 
a. 



b. 



n 

ii 









% 'A 


VI 









I i I 

red red orange 



_ohms or 



Hi 



I I \ 

gray red black 



ohms 



I N -N. 

yellow violet orange 



.ohms or 



Kii 




! I I X 

red red red silver 



, ohmF, or 
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ASSIGNMENT SHEET #2 




I I \ 

wii fed blue 



ohms or 



K 



f. 



t;:-. » 



1 \ 

brown brown gold 



ohms 



\ 



yellow violet cjreon 



or 



.ohms Of 
M 



KU 



violet bro^n 
red I I Qo\d 



- _ ohms 

toieranco ± 



red violet 
gray j j stiver 
1 




brown 



.ohms or 



.Mil 



tolerance ± 
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ASSIGNMENT SHEET #2 



i- 



orange 
brown 



orange 
gold 



=r ^ .^ohms Of 

loierance ± . 



p 



blue gold 
green j j gold 




...ohms 



orange 



tolerance 



The minimum value you would expect resistor **d" to have is 

ohms and the maximum value you would expect is , ohms 

(assuming that it is v^^thin tolerance). 

Refer to the resistors above and answer the foilowing questions, 

a. If the circuit voltane is constant, which resistor would pass the greatest 
current? 



b. If the circuit voltage is constant, wtiich resistor would pass the least cur 



c. What IS the largest value resistor "g" can have and stilJ be within toler- 
ance? 



The fifth color band in resistors **r' and "k" reprf^sentf^ resistor 



INTRODUCTION TO DC 
UNIT 11 



ASSIGNMENT SHEET #3 — READ ANALOG VOLTMETER SCALES 



Directions: Write down the voltage roadinc] indtcated by the scalcf.. 




INTRODUCTION TO DC 
UNIT 11 



ASSIGNMENT SHEET #4 — CONVERT AMPERES TO MILLIAMPS 

AND MiCROAMPS 



1. Convert the following amps to mi)llamps. 

a. 1 A = .„__ mA d. 3654A 



b. 2 A = 



c. 3 A = 



mA 



mA 



o. .0214A = 



f. .0036A ^ 



mA 
mA 



Convert the tollowing A to microamps. 

a. 1 A = ,iA d. 2.5A = 

b. 2 A = mA e. .00037A = 

c. 3 A = fiA I. .OC00028A 



3. Convert the following mA to amps. 

a. 4,000 mA = A 

b. 5,000 mA = A 

c. 6.000 mA = A 

4. Convert the following microamps to amps. 



a. 3,500 ^iA = 

b. 4,500 mA = 

c. 5,500 /.lA = 
Convert as indicated. 

a. .35mA = 

b. 635^4 A = 

c. 2.5A = 



A 
A 

. . A 



nA d. .0035A = 

mA e. 2.45mA - 
mA f. 2.93/iA - 



A 
A 



/'A 
/'A 



d. 25. /mA 



e. .0293mA - 



f. 263.5mA 



d. 2.360,000 ;.A ^ 

e. ,003;. A ^ 

f. 3,9^,A ^ 



A 
A 



..A 
A 
A 
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INTRODUCTION TO DC 
UNIT II 



ASSIGNMENT SHEET #6 ~ READ ANALOG AMMETER INDICATIONS 



DirecliOfiP: Write tlown the currtMU reading for each of the ommeter indicntiuns. 



1 



DC 



?0 

A 





100 fyiA 




i)(J UA^__^'' 1 ^';A 




iOOMA 
■UU MA^-^ 10 MA 



5U UAX. "5^1 MA 



DC 



..■\ 



C5 



i)t; 



;0 



V- 




1 on MA 

m M^^-^:;^ lo ma 



bO UA 1 Mm 

f^ANCifc 



.1 



30 
4- 



IOOMA 
f>UUMA / ""^^ 10 MA 




bO UA"'^ — 1 MA 
f?ANGt 
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INTRODUCTION TO DC 
UNIT 11 



ANSWERS rO ASSIGNMENT SHEETS 



Assignment Sheet #1 

Part A 

1. 120V 

2. 240V 

3. 24V 

4. 15V 

5. 12V 

1. 20A 

2. 10A 

3. 22A 

4. 4 A 

5. 3A 



Part B 



Part C 



1. 
2. 
3. 
4. 



5. 



60 U 
2.5 12 
2 4 S» 
46 il 
3U 



Assignment Sheet #2 



22.(X)0 ohms or 22 K U 



82 ohms 



c. 47.000 ohms or 47 K U 



6. 10V 



0.01 or 10' V 



8. 8V 

9. 4V 
10. IV 



6. 12A 

7. 5 X 10^ or 0.000005 or 5 , 

8. 500 X 10-^ or 0.5 or 5rnA 

9. 4 X 10"^^ or .004 4mA 
10. 2 X 10 ' or 0.002 or 2mA 

(r 12K or 12.000 U 

7. 4M or 4,000.000 U 

8. 200K or 200.000 U 

9. 2 X IQf' or ; ,000.000 12 
10. 500K or 500,000 U 



4 -> 
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ANSWERS TO ASSIGNMENT SHEETS 

d. 2200 ohms oi 2.2 K ii 

c. 6200 ohms or 6.2 K U 

f. 1.1 ohms 

g. 4.700.000 ohms or 4700 K U or 4.7 M 1' 

h. 270 ohms, tolerance ± 5"'y 

». 8200000 ohms or 8.2 M O tolerance ± i % 

j. 13,000 ohms or 13 K U. tolerance ± 5" o 

K. 5.6 ohms, tolerance 5% 

2. 1980 ohms minimum {2200 — 220) ohms maximum {2200 ± 10%) 

3. a. t 

b. g 

c, 5.64 megohms (4.7 megohms ± 20" = 4.7 .94 = 5.64 megohms) 

4. Reliabtlity 



Assignment Sheet #3 

1. 3V 

2. 6V 

3. 125V 

4. 20s/ 
Assignment Sheet #4 



1. 


a. 


1.000 


d. 


3.654,000 




b. 


2,000 


e. 


21.4 




c. 


3.000 


f. 


3.6 


• 1 
«.. . 


n. 


1.000.000 


d. 


2.5O0.0OO 




b. 


2.000,000 


e. 


3/0 




c. 


3.000.000 


f. 


2.8 


3. 


a. 


4 


d. 


.0257 




b. 


5 


e. 


.0000293 




c. 


6 


f. 


.26vi5 
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ANSWERS TO ASSIGNMENT SHEETS 



4. 


a. 


.0035 


d. 


2.36 




b. 


.0045 


e. 


.000000003 




c. 


0055 


f. 


.0000039 


6. 


a. 


350 


d. 


3500 




b. 


.635 


e. 


.00245 




c. 


2500 


t. 


.0(XX)0293 



Assignment Sheet US 

1. 5 mA 

2. 100 mA 

3. 8 mA 

4. 25 /*A 
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INTRODUCTION TO DC 
UNIT II 

JOB SHEET #1 - MEASURE AND COMPARE CURRENT IN A CIRCUIT 

AT TWO DIFFERENT VOLTAGE LEVELS 

A. Equipment and materials needed 

1. DC ammeter (or multimeter) 

2. Battery 

3. Load {lamp or other resistance) 

B. Procedure 

1. Connect the circuit as shown below: set DC power source at 1.5 vdc. 



1 



Battery — ' — ^ 

Load 



I 



2. Calculate and record the current in the circuit.^ 



3. Measure and record the current in the circuit amperage. , 

4. Increase power source to 3 vdc. 

5. Calculate and record the current in the circuit..^ ^ 

6. Measure and record the current. 

7. Compare current measurements to calculated values, and current measure^ 
ments at the different voltage settings. 

(NOTE: the following questions may be used for discussion: 

Were the calculated values equal to the measured current? 

Is there more current at 15 vdc or at 3 vdc power source? 



With the same load, what happens to the current in a circuit when you change 
the voltage applied to the oircu!t?.„ 



What happens if the polarity of the power source is reversed? 

If a lamp was used as the load, did (or would) the lamp glow brighter when the 
voltage was increased? Why?) 

8. Return equipment and materials to their proper storage area. 
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INTRODUCHON TO DC 
UNIT II 



JOB SHEET #2 — WIRE A FUNCTIONAL RELAY CIRCUIT 



Equipment and materials needed 

1. Low voltage DPST relay 

2. SPST switch 

3. 120 VAC power supply 

4. 12 VDC power supply 

5. Two 120 VAC lamps 

6. Two lamp sockets 

7. Test leads 
Procedure 

1. Complete the figure below to satisfy the following conditions. 

a. Lamp A "on" and Lamp B "off" with the switch in the "oft" position 

b. Lamp A "off" and Lamp B "on" with the switch in the "on" position 



O 



o 



INPUT #2 



> 




> 



High Voltage 

120 VAC 
O 



o 



6 
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JOB SHEET #2 

2. Wire the circuit, but do not connect to the 120 VAC source. 

3. With the 12V power supply disconnected, adjust the power supply output to 
nuitch the specified relay voltage, 

(NOTE: Have the instructor inspect the circuits 

4. Connect the relay coil to the low voltage power supply, and test the relay for 
proper operation. 

5. Connect the circuit to 120 VAC. 

(NOTE: Have the instructor inspect the circuit.) 

6. Test for proper operation in accordance with Step 1. 

7. Check your results with the instructor. 

8. Return equipment and materials to their proper storage area. 
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INTRODUCTION TO DC 
UNIT II 



JOB SHEET #3 — MEASURE THE VOLTAGE DROP IN A DC CIRCUIT 



A, Tcx)is and equipment needed 

1> Voltmeter 

2. Battery 

3. Lamp or load 

4. Switch 

B. Procedut 

1, Connect the circuit as shown below. 



2- Close the switch, 

3. Connect the voltmeter across the power supply and adjust for 1.5 volts. 

4. Read and record the voltmeter indication. _______ 

5. Connect the voltmeter 9cros8 the lamp or load. 

6. Read and record the voltmeter indication. 

7. With the switch still closed, measure and record the voltage across the switch. 

8. With the voltmeter still connected to the switch, open the switch. 
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JOB SHEET #3 

9. Read and record the voltmeter indication with the switch open. , 

(NOTE; Discuss the following in class: 

a. The measurement across the load and across the source 

b. The voltmeter reading across the closed switch 

c. The difference of potential across the load and whether or not the voltage 
drop occurs across the load or the wire 

d. The voltage reeding across the open switch.) 

10. Return equipment and materials to their proper storage area. 
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INTRODUCTION TO DC 
UNIT II 



JOB SHtET #4 - DEMONSTRATE THAT MAGNETIC POLES CAN 

ATTRACT AND REPEL 

Equipment and materials needed 

1. Two magnets 

2. Piece of flat glass (approximately B"* x id 
{NOTE: Clear lucite can be used.) 

3. SmaM piece of iron 

4. Small piece of brass 

5. Shaker of iron filings 
Procedure 

1. Place one magnet on a smooth surface, 

2. Bring the north pole of the other magnet close to the north poio o! the first one. 

3. Describe the action of the magnets: 



4. Repeat steps 1 and 2. but bring the north pole of one magnet c:!ose to the south 
pole of the other 

Describe the action of the magnets: , 



5. Pla<;e the magnets m6er the glass with unltke poles opposite, hut not touching, 
each other. 

6. Sprinkle iron filing over the glass arui sketch the rei^ulling pattern. 

7. Lift the glass and replace the iron filings into the shaker. 

8. Place the magnets under the glass with like poles opposite, but not louchmq. 
each other. 

9. Sprinkle iron filings over the glass and sketch the resuiting patterr^ 
(CAUTION: Wash hands thoroughly to remove Iron filings. Do r ot rub eyes.) 
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JOB SHEET #4 



10. Replace the filings into the shaker. 

11. Place one magnet under the g^ass. 

12. On one end of the glass, place the smail piece of iron close to the pole of the 
magnet but not directly over the pole. 

13. On the other end in a similar position, place the small piece of brass close to the 
other pole of the magnet, 

14. Sprinkle iron filings on the glass, brass, and iron pieces. 

15. Sketch the resulting pattern. 

(NOTE: The following questions may be used for discussion: 

a. Explain the reactions of the magnets in Steps 1, 2, and 4. 

b. Explain how the sketches of like poles and of unlike poles show that there 
are forces of repulsion and attraction, 

c. What happened to the lines of force as they passed through the small 
piece ut iron? What happened as they passed through the small piece of 
brass? Do the lines of force also pass through the glass? Explain your 
sketch made in Step 15.) 

16. Return equipment and materials to their proper storage area. 



f 
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INTRODUCTION TO DC 
UNIT II 

JOB SHEET #6 — CONSTRUCT A SMPLB ELECTROMAGNET 

AND CHECK ITS OPERATION 

A* Equipment and materials noocled 

1. 1.5-volt battery 

(CAUTION: Use no more than 1.5 volts.) 

2. 4 feet hook up wire (insulated) 

3. 'U^ iron bolt, 3" long 

4. Compass 

5. Paper clips 
B. Procedure 

1. Start at one end of the hook-up wire and wrap all of the wire around the bolt, leav- 
ing approximately 8 inches on both ends so you can hook your coil to the battery. 

2. Before -connecting the coil to the battery, check to see that the iron bolt is not a 
magnet. 

(NOTE: Do this by bringing thi3 compass within 4 inches of each end of the bolt 
and observe little or no change in the compass needle.) 

3. Connect the coil to the battery. 

4. Bring the compass within 4 incher of the bo!t ends and observe the needle indi- 
cations for north and south poles, 

5. See if the bolt will pick up the paper clips. 
(NOTE: Try both ends of the bolt,) 

6. Disconnect the coil from the jattery. 

7. Carefully remove the t>on trying to keep the coil in its same shape. 

8. Reconnect the coil to the battery. 

9. Check for polarity and magnetism with your compass by bringing it close to the 
coi) ends. 



1 r 

I ^ , > 
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JOB SHEET #5 

10. Sec if the coi! will attract a papnr clip 
{NOTE; Try both ends of the coii ^ 

1 1 . Disconnect the battery, 

(NOTF: The foilowincj questions may iisiMi for ci!S(:u*^r.Kn): 

a. Is the left-hand ruio for coiis cor^ftrn>iHi t>y your observations in Step 3? 

b. Explain why both ends of the nlectrornagnet with \he bolt in position will 
pick up the paper clips- 

c. Why was the coil wtMker wittiout the l)olt? Explain why the polarity 
observed with the compass wa?; the same with or without the bolt.) 

12. Return equipment and materi^^ls to their propef stotagr^ aroa. 
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TEST 

Match the ternuv on tUv npht with their corrifCt (Joftnitions. 

(NOTE: Answers to questions i\, o. appear on this page.) 

_a. Eloctricai force or pressure that causes the 

flow of eiectncal current (electrons) 

. . b. The unit of measurerncnt of electroniotive 
force 

^ c. Difference in voltage measured across a 

component in a circuit 

d- An abnormal connection of fClativcMv low 

resistance between two points of di^uiring 
potential in a circuit 

,.£v Total voltage supplied tr> a circuit: also 

referred to as supply voltage or i.ource volt- 

. . . f. Ont> (li divicjcd by that number 

. a. Ctiangeabte or capable of being changed 

. . h. A specitic^d element or condition whx h 
dei'jrmines the value of circuit variabies 

I. fitorago of electrical energy 

, j A property of c ertain materials which exer ts 
4i mechanical force on other materials and 
^.hJch can cause induced voltages in ccnv 
ductors when relative movement is present 

K. An object which will attrac:t iron, nickel, c^r 

cobalt and witi produce an external rnaq 
ftetic field 

I The area around a magnet thrc»ugh vvhich 
the Hrjos ot force flow 

m A vinv of soft iron that is terriporarily iTiaq 
neti?ed by sending current through a coil 
w^r^' wound around tht^ cc^re 

n. How noNi? the instrument reading is to the 

f.^rttial value 



1. Static electricity 

2. Ampere 

3, Short circuit 

4, Variable 
5- Volt 

6. Magnetic field 

7. Parameter 

8. Magnetism 

9- Electromagnet 

10. Accuracy 

11. Magnet 

12. Applied voltage 

13 The reciprocal of 
numb€}r 

14. Voltage 

1^?. Voltage drop 



0. 



biiiAC unit of e!e;:tnc <.urrent 



TEST 



NOlI:: Answers to questions p.-aa. appear on this page,) 

— p. Hovw well an instrument responds to small 
measurements or small changes in the 
value being measured 

. M How weli the instrument will indicate a 
smalt change in the measured value 

r. How far the measurement is from the actual 
value 

s Tecruiique o^ testing and adjusting an 

instrument by referencing it to another 
instrument or device of known accuracy and 
precision 

.1. Instrument capable of measuring a **multi- 
pio' of values 

u. Total resistance offered by a device; is nor- 
mally associated with the power source 

, V Common return to earth for AC power lines; 
chassis ground in electronic equipment is 
the common return to one side of the inter- 
rhx\ power supply 

w Unit ot measure for resistance 

. > L'stat)iiShos the limits of a scale 

y Opposition to current 

1 he acceptable amuunt of vanation from an 
indicated value 

^^^^ The electromotive force developed between 

two points tiiat moves electric numinl 
{hn:;uc)h a load that is connected across a 

source 



16. 


Tolerance 


17. 


Ohms 


18. 


In^amal resistance 


19. 


Sensitivity 


20. 


Range 


21. 


Resolution 


22. 


Multimeter 


23. 


Potential difference 


24. 


Resistance 


25. 


Error 


26. 


Calibration 


27. 


Ground 
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TEST 



Match common parameters used in electronics on the fight with their correct symbols 
and units of measure. 

SYMBOL UNIT (ACCtPTED ABBREVIATION) 



a. 


1 or i 


Ampere{A) 


1. 


Frequency 


b. 


Q or q 


Coulomb (C) 


2. 


Susceptance 


c. 


P 


Watt m 


3, 


Power 


d. 


V or V 


Volt (V) 


4. 


Capacitance 


- e. 


E 


Volt (V) 


5. 


Impedance 


„.f. 


R 


Ohm (<>) 


6. 


Admittance 


— g- 


X 


Ohm U?) 


7. 


Period 


h. 


z 


Ohm m 


8. 


Reactance 


_.i. 


G 


Siemens (S) 


9. 


Current 




Y 


Siemens (S) 


10. 


Inductance 


k. 


B 


Siemens (S) 


11. 


Resistance 


!. 


C 


Fara'J (R 


12. 


Voltage drop 


m. 


L 


Henry (H) 


13. 


Conductance 


n. 


f 


Ht tz (Hz) 


14. 


Charge 


o. 


T 


Seconds (s) 


15. 


Voltage applied 



Complete the following chart of numencai decimal equivalents and powers of ten pre- 
fixes by correctiy filling in the blanks. 



UNIT PREFIX 



a. _ 

Mega 

c. 

Mitii 



Nano 

Micromicro or g 



SYMBOL 
G 

b. 

K 
m 

si M or ^> 



MULTIPLIER 
1.000.000.000110''] 
I.OOO.CW 110*^] 
1.000 [10-*] 
(L j10^] 

nnoooi fio^} 
.000000001 110'^ 

.000000000001 110 '•■) 



o 
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TEST 

State the number which corrcsposuls io ttu 



a. 


White - 


b. 


Green — 


c. 


Yellow — 


d. 


Brown - - 


e. 


Gray — 


f. 


Blue ~ 


g- 


Violet — ... _ 




Orange — _ 


j. 


Black " 


J- 


Red — _ 


k. 


Gold — , 


1. 


Silver — „ 



(NOTE: The following wicr to toinrancv 

m. Silver — 

n. Gold — , . 

o. No color - _ 

Determine resistance; using thf; rrsistor r- ir 




TEST 



Match basic circuit elomerUs on the nqht with thoir symboir^ 
(NOTE: Answers to qunstions a. d appt?^if mi thif^ paue^ 
a. Power sources 



ti 



2) 




._3) 




or 





1. Lamp 

2. F^eiay closed 

3. Conductor 

4. Battery 

5. Transfofmer 

6. Resistor 

7. Switch open 

8 Conductors con 
nected 

9 Loudspeaker 
10 Generator 

1 ' Conductors not con 

tuH ted 

'2 f^elay open 

I'i Switch closed 



b. Load 
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7. List thfcf two types of fosislors. 
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TEST 



clnn^ thr word wl)K:h host corTH>k>teM ^wrh tiv.t n\r\vj fanqr^^ 

a (DC, AC) voMaue ranqivs 

1} Anaioii ?{v 10, fiO :^^>n. UifKl ;,uMj fOOO vr^its 
2) Dipital ■ - 200hiV. rO, im Hfui 2000 v<^)tJ> 

b. |DC, AC) voitfUjo ftintii-s 

1) Analog i^s. lU, 50. 1000. and 5000 visits 

2) Digital 20DniV. ;r ?0. ami 600 vnits 
C. (DC, ACi miliiarnp.s rancjc 

1) Anaioq 1mA. lOn^A. bOn^A. UK)niA. f^OOniA, and IDA 

2) Diqttat 200A. ?.wA, 20rr»A. 2A. ami lOA 
d, (DC, AC) nip!lK*if7>ps ^anciv 

1) Anaicx; ■ ^ 1mA lOnu-i, SOmjA. H.H»ntA. 500mA ar^j 10A 
2l Diqdal 200A. /niA, :;'(:rMA. ;'A .aid 10'A 
c\ {Mllliohm. Ohm) rar>«K 

2^' Digita! • ri ?0{1 iy?K 0 2(iK. 2fH)K. 0 ?00{1K af ui 0 2fiM 
Match typr-; ^^f nwiv^ v.iairs r-n H^p nu^rt Ait^^ ihrn .A^fUH l u:.rs. 
Usih! ;m (io nenlK'^'.i' inji^.ati^^ns t>*ii w i PC scaft: 



2 ni3 M:alt^ 

3 Ohin s scale 



feftfJiDgs vvili a^Wriys {M{j)(..itM a f.fioft Hpari- 4 v<«lf AC s(,a!c 

incr; at ttu* It.'ft most suif- ol trie si.alf- )^hU 

(.a^H infifuii^ r^-^sistaare or an r)\)vj\ AC scalr 

USf'CJ lof (jjffM.t rurri-nt vnlfat-f* ^^*»'a* li^f 
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TEST 

Arrange in order th(> grntMa) strpt- ust^d jn pfi^parnuj a Tnuitinu'^lrr tor oppriMion by indi- 
ratincj thn flr^;t ^-^tep at; 1. thp sr.tond .Ucp at; ;u*vi on tor oarh step, 

. n. ConntT.t Iraf ;c;hJi^ Ic^ priipe^ tc^^it )arKf.. 

r. Sr^^rt thp ra?«i'ir or f^ntirjpato^l iirr-p: of nij\isuu'ni*mt kkjuiuhI. 
, (1. Seiect ttincttofi to ^i* mt a^ujn.^d 

Disfincjuish bPt\)VCf>n a voUnn^trr tvul an aninu'trr Py piacinc^ a ^*V * tu.-xI to the character- 
istics of a voltnunor. 

. .... ..a. Low resistance to current tUnv 

b. Rani^r ran incroasni Py .hcIUhu) a M»nf^K it^si^'itancc 
... v. Measurt*s ac *oss Ifi^r^ k uv uit li- -vii o 

. . vi. Rancje can hr if^rj^'ain d t?y aticlaicj a parauo) \!.hunn rpsitttance 

i\ H!nf> rcir^istanco to ciiffont flow 

. . 1. MtMt^urc*^ a^ srnt^s v\itr^ tfu^ i.auiJi! o; .ivvi^fi 

Arrancu'* in onivj tht^ procpfjur^^s k>r rru ai-tirifH) vnitaoo !n' indKuitmc: iho first step as h 
Ihv becc^ncJ facps as 2. tiivj f>.) oh ra^Mi ;)fo.4:v.iuf»'. 

Turn n^* tm'\v^ 

. .A. C^bv^MfVirui fX'^'^irtty. ron^t/rj rnrff^r t^.a^'s to » »f< ua to t)e to.stfKt. 

r f^os^tU'n 'npti;{ ti.M t'Mpr* f;.;?' t'v.^^' 

f Ri-ad ci^rroct vO't-i'ir • 
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TEST 

Select from the following list procedures for rnrasuriru] aniporage by placing an "X" in 
the blank preceding each correct procedure. 

a. Turn on power to circuit under test. 

b. Position motor to correct scale. 

c. Observing polarity, connect test leads to circuit. 

d. Connect meter in circuit to be tested, observing polarity and connecting in 

series with the circuit. 

^. e. Observe meter reading. 

f. Position range switch to correct scale fcr most accurate reading. 

Complete the following list of procedures for measuring resistance by inserting the 
word(s) which best complete(s) each statement. 

a. Turn power to circuit under test. 

b. Position meter to the correct function position. 

c. Position meter range switch to one of the , scales. 

d. insert meter leads in correct meter . „. observing polarity. 

e. component to be checked. 

f. Connect meter across component to be measured. 

g. Determine correct meter position closest to . _ or toward zero. 

h. Perform zero ohms adjustment according to manufacturer s tranual. 

i. Reconnect meter to component. 

j. Read meter for value. 

k. Remove meter leads. 

I. Turn oft meter. 

m. Reconnect component in circuit. 
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TEST 



15. Select tme statements concerning annperage measurement characteristics by placing 
an "X'' in the blanks preceding the true statements. 

a. All current passes through the ammeter. 



Technique is linnited to large measurements. 
_c. Alternating current or direct current can be measured- 



16. Complete the following fist of voltage measurement characteristics by inserting the 
word(s) which best complete(s) each statement. 

a. Voltmeter probes connect across terminals. 

b. Technique is limited to ^ AC or DC voltages. 

17. State Ohm's law. 



18. List three uses of Ohm's iaw. 

a. . 

b. 

c. . ^ . 



19. Select true statements concerning magnetic properties by placing an '*X" in the blanks 
preceding the true statements. 

a. Magnetic lines of force 

1) Are continuous and form complete loops 

_.2) Cross each other 

.3) Cause like poles (north-north, south-south) to attract each other 

4) Cause unlike poles {north-south, south-north) to repei each other 

__5) Parallel lines going in the same direction repel each other 

6) Attract other lines going in the same direction 

7) Exert tension alorig tneir lengths, tending to shorten themselves 

8) Pass through ail materials, both magnetic and nonmagnetic 

9) Tend to enter or leave magnetic materia! at 60*" angles to the surface 

- 10) Tend to flow in paths of least opposition 



1 r 



TEST 

An-vt aroiii'd macjiiet through wfiich force lines flow 

DirfcticiTi of fk-vv i:i .liwayj; <rofn south poie to north poie 

c Macinrtic f!ux 

Siun lolui vi ni,u;netic fioki torce lines tiovvinti from north pole to south 

?» Syn^bol f(n maqnet-c flux ■- Greek letter phi (^l') 

. .3! Unft of fkj,x - Ma>:v.r'li; two maxwells {Mx} equal one line of force 

. 4) FUix ck-fusitv Niirnber of force lines per given area: symbol is (B) 

Discuss the use of ifu* ieft-tuind mlv for ctmducTor.s afui coiis. 
a. Lett-fian(.i ru«!> for conductors 
1> 

2; . . _ 

b I (^M h;.tfu1 ru;r f>;? rt.iilj:. 

1) _ 

2) . ... _ _ _ _ _ 

Cornt^leto the fullOvvWiq hsf of ntatfrient^; concerning Iht; methocJ and effect of induc- 
tion by !ni,c>rtiruj tt)c wcrdc^i w^vV, bOiU c.OfiiplftU'js) each statement. 

a M(,'ltH..d 

1) Place irori bar m vicinify of perrriani-rit nuiynet. 

2) Do not a.'low iron tvu to ,-".MK:fi 
l>. f.ffect 

1) Magnetic field Um-u of *orce flow through the iron bar. 
?! Th(.' uun bar txicorn^s 

3i Pole poK'irtty is . . 

4) Thf per.manent tn,.r|nt;t the iron bar. 
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TEST 

22 Much types o1 q rounds on thfr ncjht with their correct descriptions. 

a. Vollapt^ roforence point or cutrrnt r^iurn 1. Chassis ground 

b. A rod Of pipe thai is buried in the eorth 2, Earth ground 

c. Connected to a motal chassis or outer cabi 3. Signal or common 

net enclosure ground 

?3 Match static electr ^fty oootrois on the right with their correct uses, 

a. integrate personnel into grounding system 1. Stoo! covers, bench 

tops, and ground 

_ b. Give parallel leakage paths cords 

. . c. Used to ioni/e the air around an immediate 2, Wrist straps 
work area where eieclfostatic sensitive 
components are used 3. Air ionizers 

iNOTf:, If the lollowinQ activities have not been accomplished prior to the test, ask your 

uistfuctor whe?i they t^houtd be complete<i.) 

24 Solve problems for an unknown voltage, amperage, and resistance. (Assignment Sheet 

#1) 

?5 CalcuSatc the resistance values from given color codes. (Assignment Sheet #2) 
2G. Read analog voltmeter scales. (Assigninent Sheet #3) 

27. Convert arnperefi to miDiarnps and microarnps. {Assignment Sheet #4) 

28. Read analog ammeter indicat^Oi^s (Assignment Sheet #5) 
29 Demonstrate llie <ibihly t(}: 

a. Measure and eonipari^ curre^r in a circuit at tw?o different voltage levels, (Job 

Sheet #1) 

b. Wire a functtonai rr-lay circuit. (Job Sheet #2) 

c- Measure the voltage drop in a DC circuit. <Job Sheet #3) 

d Demonsifute thai magnetic po!ec can attract and repel. (Job Sheet #4) 

V Construct a sift^ple electromagriet and check its operation. (Job Sheet #5) 
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INTRODUCTION TO DC 
UNIT II 

ANSWERS TO TEST 



1. a. 14 I 1 q. 21 w. 17 

b. b }. H r. 2b X. 20 

c. 15 K. 11 s, 26 y. 24 

d 3 I. 6 t. 22 2:.. 16 

e. 12 m. 9 u. 18 aa, 23 

f. 13 n. 10 V. 27 

g. 4 o. 2 

h. / p. 19 

2. a. y i. 13 

b. 14 j. 6 

c. 3 K 2 
<j. 12 I. A 
a, 15 m. 10 
f. 11 n. 1 
g B O 7 
h. 5 

3. a Giga 
b. 

c. Kilo 

(i .001 




1 



7 



<|. Pico 

<), 9 i 0 

b- 5 j 2 

c A k. .1 

d. 1 I ,01 

V. 8 rn. ± ION 

t. 6 n. ± 5"; 

q. / O. t 20'' : 

h, 3 

15K 



1) 4 
?) 10 
3) 5 
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ANSWERS TO TEST 



b. Load 

1! 6 

2) 1 

3) 9 

c Circuit switches 

1) 7 

2) 13 

3) 12 

4) 2 

ci. Circuit conductors 

1) 3 

2) 8 

3) 11 

7. a. Fixed 

b. Adjustable 

S. a DC voltage ranges 

b. AC voltage ranges 

c. AC milliamps range 

d. DC milliamps range 

c. Ohm ranges 

9. a A 

b. 2 

Q 3 

d, 1 
e 5 

10. a. 3 

b. 4 

c. 2 

d. 1 

11. b. Ci.- 

12 a b e 1 

b, 8 f. 6 

<:. 2 q. 3 

d. 4 h. 7 

13. b, d. e. f 

14. a Off 

c Resistance 

d. Jacks 

t?. Isolate I 17 ■ } 

g. Center scale 

j. Ohmic 
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ANSWERS TO TEST 



15, a. c 

16. a Directly 
b. Moderate 

1/ The current (aniperes) in an electr • circuit equals the cloctronnotiv force or potenti U 
(voitB) divided by the resistance io' ns) 

18 a. Calculating circuit resistance 

b. Calculating circuit ampurago 
0, Ccilculating circuit voltage 

19. a. 1.5.7,8,10 
b. 

c. 1.2,4 

20. a. Left hand rule for conductors 

1) Grasp conductor with loft hand as shown, making sure thumb is pointing 
in direction of electron flow in the conductor. 

2) D'rection of magnetic field flow is in the direction of the four fingers, from 
large knuckles toward fingertips. 

b. Left-hand rule for coils 

1 ) Grasp the coil with left hand as ^hown below sc that the four fingers (from 
knuckles to fingertips) point i i direction of electron flow through the 
coiled conductor, 

2) The thumb now points toward the north pole of the electromagnet. 

21. a. 2} Magnet 

ti. 2) Eiectromagnetized 

3) Reversed 

4) Attracts 

22. a 3 
b. 2 
c 1 

23. a. 2 

b. 1 

c. 3 

24.-28. Evaluated to the saiistaction of the instructor 

29. Performance skills evaluated to the satisfaction of the instructor 
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UNIT III 



UNIT OBJECTIVE 



After compiotion of this unit, tfio stuciruit should be able to apply theoretical knowledge of cir- 
cuitry to determine unknown values in circuits, and calculate current, voltape. resistance, and 
power in circuits. The stuilent t^nouid a!$o bo able to analyze a series and series-'parallel cir- 
cuit. Competencies will be iletnonst^ated by coru^ctly performing the procedures outlined in 
the assignment and job shoetvi anij by scoruig a nuntmum of 85 percent on the unit test. 

SPECIFIC OBJECTIVES 



After completion of Uiis urwt. ihv t^tu:je^^' * HJki ab'e to: 

1, fvlalch terms related tr r«ri %i!h their correct definitions, 

2, Seirct true staienit- nts conrj,-,. ^ vuHacie in n ^erie^ cucuit. 

3, Complete a Hm c^t fUatemi\]t^;: cinu^c^rniny tance in a seric^s circuit 
Select true statenienlrf concerr^inq current ?n a series circuit. 

5. Select tru(t statemerJ:.. ( onccfnuuj voitac,e *n a parallel cirCiiU. 

6. Complete a list of r^tatem^fU:; < C)ncerninq resistances in parallel. 

7. Select true statements concerninc nurrent in a parallel circuit. 

8- Gompkite a list uf statf'menf^ con<:ernuin voltage in a series-paralle! circuit, 

9. Arrange ir^ ordei steps to sunplily resistance in a series-parallel circuit. 

10. Select tiue sfalcMj^'nit, i;uf)t;t'f frni; ruffont in a serjos parallel circuit. 

11. Complete a list of statenuMit.. concornmq characteristics of electrical power. 

12. Select tnie ^..tafcru/Tjti, c<jfM:trmifig fuf'tCJinns oi a voltage divider. 

13. Detornune totai volta in a i.crics i.ircuit. (Assignment Sheet #1) 
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OBJECTIVE SHEET 

14. Determine voltage drops across resistances. (Assignment Sheet #2) 

15. Determine the total resistance in a scries circuit. (Assignment Sheet #3) 

16. Determine current in a series circuit. (Assignment Sheet #4) 

17. Determine unknown circuit values. (Assignment Sheet #5) 

18. Determine unknown values in a resistive series circuit. (Assignment Sheet #6) 

19. Compute the power dissipated in a resistive series circuit. (Assignment Sheet #7) 

20. Calculate current and voltage in parallel circuits. {Assignment Sheet #8) 

21. Calculate resistance in parallel circuits. (Assignment Sheet #9) 

22. Calculate power in parallel circuits. (Assignment Sheet #10) 

23. Calculate various values in parallel circuits. (Assignment Sheet #11) 

24. Trace current flow in series^parallel circuits. (Assignment Sheet #.2) 
26. Perform exercises in circuit reduction. (Assignment Sheet #13) 

26. Solve for total resistance, (Assignment Sheet #14) 

27. Solve for total current. (Assignment Sheet #15) 

28. Solve for total voltage. (Assignment Sheet #16) 

29. Solve for branch voltages and currents in series-paraMel circuits. (Assignment 
Sheet #17) 

30. S'^ive for multiple values of voltages and current. (Assignment Sheet #18) 

31. Answer questions regarding opens and shorts in series^parallel circuits. (Assign-^ 
ment Sheet #19) 

32. Answer questions about grounds and voltage polarity. (Assignmen Sheet #20) 

33. Analyze no-load and load circuits. (Assignment Sheet #21) 

34. Demonstrate the ability to: 

a. Verify Ohm's law. (Job Sheet #1) 

b. Analyze a series ciicuit. (Job Sheet #2) 

c. Measure voltage, current, and resistanre in a parallel circuit. (Job Sheet #3) 

d. Analyze a series-parallel circuit. (Job Sheet #4) 

e. Construct a voltage divider and analyze its function. (Job Sheet #5) 

i I *^ 
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CmCUlTRY 
UMIT 111 

SUGGESTED ACTIVITIES 

A, Obtain .'. rjitiona! matonals and/of invitr rosource propie to c!(^?si> to v^upplement rrin- 
force r .>rmation pfovuJed in this unit of insUuction 

{NOTE: This activity should be completed prior to the te'yaching of this unit.i 

B. Make transparencies trum the transparency masters included wJth this unit. 
C Provide students with objective sheet. 

D. Discuss unit and specific objeclives. 

il Provide students with information and assicinnient sheels. 

R Discuss information and assignment sheets. 

(NOTE: Use the transparencies to enhafice the mforination as needed.) 

G. Provide students wi*h job sheets. 

H. Discuss and demonstrate the pvn ' Jures outi^nod in thv }Ob sheets. 

!. IntfHirate ttie following activities throughout the teaching of this unit: 

1. Construct a parallel circuit with an ammeter ar^d vanable resistoi in each branch, 

2. Demonstrate the current dividinc) effect ot the parallel circuit. 

3 Demonstrate voltage dividers by st^owing how voltage and current are alf^rcted by 
varying the circuit componer)ts. 

4. Demonstrate the effects of excess power on (^ectrical components. 

5. Meet individually with students to evaluate their progress throuyh this unit of 
instruction, and indicate to them por^sible areas for improvement 

J. Give test. 

K. Evaluate test. 

L Fteteach if necessary 
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INSTRUCTIONAL MATERIALS INCLUDED IN THIS NIT 



A Obiectivr shcrt 

C. Infofmation sho<>t 

D. Tfviiu>piuoncv n: i>tofs 



1 


1M 1 


Sinjpie Scrirs Circui! 


2. 


IM 2 ■- 


Cornbinod Sorios Circuit 


3 


IM 3 - 


Remstanco in f\'3ra!!ei Circuits 


4. 


TM 4 


Ihe Hecipfuca! Resistance Method 


b 


IM b - 


FincJirui the Total Rc?siytanc« in Pa'jiiio! Cm Ty 


G 


6 " 


(Current Flov^ In a Patallei Circuit 


7 


TM 7 ■ 


Findincj Curonl m a PnraHcl Ciu utt 


«, 


TM B 


Step.s to Simrrlify a Series Parallel Circuit 


0. 


TM 0 


Sefios-Par.iliel Ciicuit and tquivalotil Circi: '. 


10 


TM 10 


- Circuit Reduction {Ste^i A) 


11 


TM 11 ■■ 


- Circuit RetJiK'Tiuii (Step Bi 


12 


TM \? - 


- P.jwi-r 



1 A^.>si(5nnK'rU S\hh'\ ^1 Dcir^rminc^ loXCi\ Vollacjo in u Scruus Circuit 

2. AfjriKjnnient ShiH)\ #2 Dotormific? VoHago Dropn Across Rf^sislances 

3 AsHUjninent Shee* #3 • Determine !he Total Rostslance in a Serior> Cifctii! 

4. AssRjn^^^cnt SUne\ ttA — Dolermine Current in a Series CH(;uit 

5. Assignment Sheet #5 — Detofrnine Unknown Circiiil Values 

6. A$^!^ignment Sheet #6 Ijj;term)nc Unknc^wn Va!u{TS in a Resi53tiv(- S<^nes> Ctfcuil 
7 Ahsiqnment Sh^-el ^7 Compute tfui Pf)vver Dissipated in a Ret^istive ScMt(?s Cir* 

8. Assiqnnieri! Sheet - Calculate CuKpnt arul Vo tacje in Paral!t^l Circuits 

P • 
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INSTRUCTIONAL MATERIALS INCLUDED IN THIS UNIT 

9 A?;sicinment Sheot #9 - Calculate Ftesistancc in Piuailc! CircuitK 

10. Assio^Ticnt Shoe! #10 • Calculate Power in Paraliel Cirt uds 

1 1. Assignment Sheet #11 — Calculate Various Vaiues in Parallel Circuits 

12. Assiqnnient Sheet #12 ■ Trace Current fkm in Series-Parallel Circuits 
^3 Assicinrnent Sheet #13 • Perform Exercises in Circuit Reduction 

14. Assignment Sheet #14 Solve for Total Resistance 
lb. Assignment Sticet #10 - Solve fcr Total Current 

16. Assignment Sheet #16 - - Solve for Total Voltage 

17. Assignment ShcH?t #17 - Solve for Branch Voltages and Currents in Series-Paral- 
lel Circuits 

18. Assignment Sheet #ir --^ Solve for fvlultiple Values of Voltages and Current 

19. Assignment Sheet #19 Answer Questions Regarding Opens and Siiorts in 
Series Parallel Circuits 

20. Assignment Sheet #20 - Answer Questions About Grounds and Voltage Polarity 

21. Assignment Sheet #21 Analy?e No- Load and Load Circuits 
Answers to assignment sheets 

Job sheets 

1. Job Sheet #1 ■ - Verify Ohm's Law 

2 Jt5b Sfieot #2 - - Analyse a Series Circuit 

3. Job Sheet #3 — tVleasure Voltage. Current, and Resistance in a Parallel Circuit 

4 Job Sfieet #4 - Analyze a Series-Parallel Circuit 

5, Job Sht el #5 ~ - Construct a Voltage Divider and Analy7e its Function 

Test 

Answers to test 
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REFERENCES USED IN DEVELOPING THIS UNIT 

{NOTE' Thf lolUnvina is a list ut ft't^Honcos used in r.orninlofinvj ihis unit.i 

A. Gr(>b. Bt?rn.ud. fiu.^/c E!eclu)nicii Nov^ York. McGraw Hil! fkH)k Co 

B Moll. Doiuilnr. V Microprocessors and PigiUi! Svst(\m^,. Nt'w York; McGt/iw HHI. 19B3 

C Hornch. Clyclc N. Inatnimvnts ,ind MerWurvrrwntH far ElectrofyiCb New York: McGr.r.v 
Hiit. 1972. 

D. Horvath, T. Static FhrnitKitior^. Uichworth. Lnylafid: Research Studios PM'Sf.. 19B2. 

E. /Wpx?co Vocutionat Industrial Hutvtv Guide. Santa Fe. NM: Nt^w Mexico State 
Doparfmont of Education. 
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INFORMATION SHEET 



Terms and definitions 

A Branch circuit - Ciicuit uriciuiatifuj froni a tnain cifcuil, otton ont? of many 

B Circuit - A bysiern of concJuctofs through wh.ich an riectnc current is 
intended to flow 

C Circuit analysis — Apply inij Ofmi's law and other rulct> to determine the 
effect of certain parameters on circuit variables 

D. Circuit t^roaker — A device designed to s^witch open a circuit automatically 
when a current overload exists: ih^s device may be reset 

E. Fuse — An overcurrent protective device wJth an element that meitt:^ and 
open5> the circuit when overheated; thrs d^^^vice miist be replaced 

r. Node - A junction point in a cin:uit at wtiich current divides into separate 
l)ranches. or reunites from separate t)fanche^^ 

G. Open circuit ^ A circuit with no avaHabie path for current to flow (infinite 
resistance) 

H. Parallel circuit - Ar^ eiectfonic circuit which pr(.»videt- mofo than one path 
(or branch) for currertt to flow 

\. Power The rate of doiny work 

J. Series circuit - A circuit whoro the i.anu' currern pasejes through each 
component 

K, Series pajalle! circuit - - A circuit that contains ^:<inle con^ponents in series 
and some in parallel 

(NOTE: A series-parallel circuit is also refe'?ed to as a complex circuit j 

L Shunt - Circuit that bypasscjs jnother circtjil or rievicr. especiatly a lo*, 
resistance bypass for an ammeter circuit 

M. Watt • - Unit of measure for power 

N, Work — Amount of energy used in a ^4)ecdltrd unie 
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Voltage in n r-enes circuit (Tfansparencies 1 and 2) 

A !hf y,t;?ti of the voitaqcs mt\iGured acrosr. each frsi.stof will equal the 



r 

t 




'^••r vr-lttuie nirasuri'fj acFcn^.s each resistor can be calculated by nsmq 
v.tl.ni:. 1,1'A' \AM(Mi i)oth total cune;it and fosistoncp are Known, 

i '..(M.(;U.-; If r-i. .-^ lOOii <ind }•< = 20mA 



'>Uiu<-:- ao<<«'(,i !n series can bo (nttif.-f vSf r!Os-aKiii5(5 or mtios opposinc^. 



? : 




El = 6V 



E2 = 3V: 




H. B; - t = 3V. 
Sonus opposing 
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til. Resistance in a series circuit 



B. 



The sum of the resistance <H() equals the tola! fosistance. 
Example: Riotai =^ R, ^- H.> + R , f . . + 

The resistance value of an unknown resistor in series can bo calculated by 
using Ohm's law and Kircnhoff's voltage law. 



Example; 



Rl = 25 



Et = 26V — 



It = 20mA 



R2 = 50 



-AAA. 
R3 = 47 




Eh, = 20mA x 251> = .5V 
Eh„ 20mA X 50Q = IV 
E,r, = 20mA X A7U = .94V 
Eh", 2nmA x mu ~ 2V 

R5 = ? 



R4 100 




E«., = Et - (En, + t;., + Eh., + E^^i = 25 ~ |.5 + W .94 + 2) 
20.56V 

R, = ^f^' = 20.56 ^ ^jj28£> 
I, 20mA 

iV. Currant in a series circuit 

A. The current through each resistor is equal to \\w lot ; mr* ,'. ;! ,). (Transpar- 
ency 2) 



ExaiTiple: l, ~ U-., i.j , .-^ !„ 
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B Total currenl can be ualcuiateu using Ohms law fron? <iny voilage drop and 
iCvSistancc value. 



fcxanjple: 




R3 = 22 



t 6V 

If - ^ ^- s:: .059 Amps Of 59 fiiArnps 

R: 1021i 

I, ^ ^"^^1 ^ ^-^^y ^ ,059 Amps or 59 mAnips 
33 

Voltage in a paralie! circuit 

A- The voltage is the samo across paraitei branches. 

Example: In the parailo! circuit below* E^,,^ and E.j are of the same (1,5V) 
be^cause points a, b, and c, and points d, and f arn exactly the 

same 
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B. Branch oicments in a parallel circuit work independently of each other. 

fNOTE: If Christmas tree lights are connected in parallel, the whole string 
does not ao out when one bulb burns out. (Sec diagram beiow.) This is 
because the voltage remains across parallel branches even though one 
branch is open if the bulbs were connected in series, the whole string of 
bulbs would go out when any one burned out.) 




120 V 



VI. Resistances in parallel (Transparencies 3. 4. and 5) 

A. Ohm's law is used to determine total resistance if current is known: Ry = E/ 
h. 

B. If current is not known, the rec-tprocal resistance formula is used to com- 
pute total resistance; 



1 



1 1 1 

p. H R, 

^^ 

1 1 1 
+ + -f 

R, 



C. Equal branch methcxl i.s used if resistors of equal value (R) are connected in 
paraMel: 

R- T= R/N where N is the total number of equal resistors 

Example. If three 30-ofim resistors are connected m parallel. Rt equals 30/ 

3 or 10 ohms 

D. Unequal branch method is used when two resistors (R, and R2) of unequal 
value are connected in parallel; 



R, = 



R, X R.. 
R, + R. 



E. Parallel rule — The total resistance of parallel resistors is always less than 
the rt stance of any one branch. 
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Current in a parallel circutS r.^f 



A A pit;! Ihv t'.)!,it k\v*\^ 
VoHage in a series paraJle! Circuit 



A 



7 



ihe vcitaue drop across ai \ m 



•4 iT ^. 



r (i3()4v)- 

A 



— A/VA 

B. 'If;e total of the voilauf; ri';'.;-: <. . • 

SSeps !o simplify resistance in b sfnir t. n.sf. flt 
1 li 



A. 
U 

r, 

D 

f:. 



Identify i,ef(f;s Mi'i't;-j«.)r;. 

Iiit.-fittf y jjiiriiUt;' tjrr...jj . ? 

f"-ie<niOtr each fi.isailo! '.lun^y ;:■ 

Hcdraw the cirruit usinq 
resistancw. 

Ci. ■ 'bine all (;quivaltT.! N'r.i;-,* 
ro; .Aanv.p. 



IS 
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X. Ctsrreni in a sijrles parallel circuit 

A. Current in £?a(:h branch of a sorses-parailei cUcwi equol^ the across 
thn branch dividecJ by Jhe total resistance in the branch 

B. Tota! line current equals the sum of the: currents m oach inanch. 
Exanriple: 

6K1> 

5mA} 




4.5KU 



XI Characteristics of eieciricai power (Transparc/icy 12) 

A. The fundamental unit of measure for eiectricai power is the watt iV^J) lum.\ 
may be measured with an instrumrnt nal^^^d 0 W'3ttrneter 

1. Electrical power is the time rate at which a change \< moved t)y volt- 
age. 

2. One watt equalt; the work accomplir.hed m one second by one volt ot 
potential different in moving one coulomb of charge. 



(NOTE: 746 watts = 1 horsepower) 
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B. Power (P) in an electrical circuit may bo calculated by using Watt's law, 
expressed by three basic formulas; 

P {in watts) = E (volts) l (amperes) 

P (in watts) - 1^ (amperes) R (ohms) 

p watts) 

R (ohms) 

C. Power is dissipattd In resistance in the form of heat and is made evident by 
a »^oltage drop across the resistance. 

XII. Functions of a voltage divider 

A. A voltage divider allows tapping off of different voltages for various applica- 
tions. 



B. Chassis ground is often used as the zero reference point. 

C. Tapped voltages may be either positive or negative. 

D. A load is connected in parallel with the resislc from which the voltage is 
tapped. 

E. If the load draws appreciable current, the voltage division differs from the 
no-load condition. 

Example: In the circuit below, the chassis is grounded at the point 
between R, and R3. The equivalent resistance (Req) of Rg and R,. 
is 5 ohms. The total resistance across the applied voltage is 25 
ohms. The open load voltage across R3 is 10 volts but the load 
voltage (with connected) is 6 volts. 



6 - 

Ea = 30V 
Pi 



R1 10i] 



R2 ion 



^ ^ R3 



(load) 
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Current measured by M1 will equal that of M2. 



Combined Series Circuit 




Ri ion 



AAA^ 



la 



E = 30V 



1a 




R3 10fi 




Current measured by M1 will equal that of M2, M3, or M4. 



Resistance in Parallel Circuits 



The reciprocal of the total resistance of a parallel 
circuit is equal to the sum of the reciprocals of the 
individual resistances 

or 

_i_ ' 1 1 ^ 1 t_l_ ^ 1 ^ — 
Rx Ri R2 R3 R4 

or 

1 

Rj^ -l- ^-L +JL J„ + ^ . . 
Ri R2 R3 R4 R5 



The Reeiprecai Besfstance Method 



For Caicuiating Total Resistance 

in a Parallel Circuit: vr rri/RHVR2+i/R3 

T 



r ■ ■ 1 T 1 



E J: F^1=60l> S R2=601> e R3=:3012 



L.._.. 

Step 1 : Find Least Common Denominator and 

Add the Reciprocals: 

Common Denominator = 60 

1 

Reciprocal of = gg 

1 

Recu)roccil of - 

bU 

2 

Reciprocal of R3 = 

o^r^-^ JrA-^ ^.-r^M^ fotal of Rociprocals 
bu 60 DU 



Step 2: Invert the Reciprocals: 

1 4 

R "j 60 

R . 60_ 

Step 3; Suivc Fi:-* i\y : 

' Rj = 1512 

(Less Than Any of the Individual Resistors) 

J Si 





Finding the Total Resistance In Parallel Circuits 



6 



T 



20 volts 



R1 



S R2 



o 



1=1 ampere 



R3 



.5 ampere 1= 2amperes 



Current Flow 



R4 



1=1 ampere 



R 

T 

R1 
R2 

R3 
R4 



T 



20= 4.4 ohms 



I ■ 4.5 
T 

20 volts 20 ohms 

1 ampere 

20 volts =40 ohms 
.5 ampere 

20 volts = 10 ohms 

2 amperes 

20 volts 20 ohms 
1 ampere 



J-= J. + ± + ± + 1. 
Rj R1 R2 R3 R4 

20 40 10 20 

1 = 2+ 1+4 + 2 ^ 



R 
R 



T 
T 



9. 
40 



40 

40 = 4.4 ohms 



192 



J 



Current Row in a Parallel Circuit 




The total current flowing through a parallel circuit is the 
sum of the currents flowing through each branch. 

In the above circuit: ly = Ip^ + Ip2 + Irs 



Finding Current in a Parallel Circuit 



= 42 volts 

O 



R1 

5 ohms 



R2 

10 ohms 



R3 

30 ohms 



+ 



t 



I' 



+ 



R1 



I 



R2 



I' 



R3 



T 



(Amperes) 



How much current is passing through point *H" in this circuit? 
There are two methods for determining total current in this 
circuit: 

1. Find the current flowing through each branch (ex.: 
Iri then add all 3 branch currents (lTr"lD,+ Lo"^ 

Ip3). ^ ^ T R1 R2 

2. Find the total resistance using the reciprocal resistance 
formula, then calculate total current (i^ = E 



1 



r. ••' 



steps to Simplifif a Series-Parallel Circuit 



O 



9 



' Rl 



R2 



t 



^R3 



R4 



R2 



T 



R6 



R3 



D 



STEPS 



1 



3. 
4 



6 



Trace CuirtMit Flow anci Identify Voltage Drop Polanty 
{See Above) 
Identify Nodes 

a. Current Division A ^ B 

b. Current Return - C & D 

Identify Resistors n Series With R1 & R6 
Identify Resistors in Parallel; R2. R3, ^ (R4 • R5) 
Identify Series-Parallel Resistors 

a. R2. R3. 8. {R4 • R5) BecorTie R^q When the Recip- 
rocal Resistance Formula is Applied 

b. R1 & R6 are in Series with F^gq 

Determine Total Re?sistance: RT R1 • R(.q • R6 



IR4 



Series-Parallel Circuit and 
Equivalent Circuit 



^AAA 

'- + Ri 



.+ 



son 



•a 



, It 



R2 



Circuit 



+ 
30fi 



IR3 t 



^AAr 

+ R, 

30n 



+ 

R eq 







12a 










Equivalent Circuit 











Circuit Reduction 

(Step A) 




step A: Trace Current Flow 
and Re-Draw Circuit 



5012 



R- 



100J2 




Circuit Reduction 

(Step B) 



step B: Reduce Circuit 

yVW ~ 

5on 



Q 



R. 



son 



R. 



'6 



•eq 

(R4-R5) 



10012 



25U 




lOon 



2 



<R3,4,5) 



»C •> 



3 



- 6 



■'WV- 

500 



+ 9 



Re 
100J2 



•^eq ^ 250 

(R2,3.4.5) 



RT = Ri + Req+R6 = 175Q 



• • • 

Power 

• Is defined as the rate of doing work (w/t) 

• Has the symbol "P" 

P = IE 

• Can be calculated with formulas P = l^ R Watt's Law 

P-E^/R 

• Is measured in watts 1 watt=1 ampere x 1 volt 

• Is measured by a wattmeter 
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CIRCUITRY 
UNIT III 



ASSIGNMENT SHEET #1 — DETERMINE TOTAL VOLTAGE 

IN A SERIES CIRCUIT 



1. E: = 



2A 



R = 2512 




2, ^ 



R = 50t2 



2A 



3. ti 



R - 10KCi 



4A 



4. Er = 



1 



^> R1 2012 




20A 



t 



R2 :-: 3012 
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R,-120U 
-AW — 



R3 = 301] 



2A 



-<5> 

20mA 



Rl = 2K12 



— vw — 

R2 = 3KW 
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ASSIGNMENT SHEET #2 - DETERMINE VOLTAGE DROPS ACROSS 

RESISTANCES 

Rl 





1. True or false? 



V,, 


is greater than Vn., 






2. The largest voltage drop is 


a. 




b. 






+ 


c. 




3. Et = „ .. 





27m 



100J2 



Rl 
27Kli 



vr 



5 S 



16V ^ 



33KSi 



R2 
10K» 



H2 1 = 10V 




4. Er = 



.1 



Et 



VsA^ — 

VR3 '-^ 20V 
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5. Et = 



R2 = 



25V ^ 



^ Rl 5V 
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ASSIGNMENT SHEET #3 - DETERMINE THE TOTAL RESISTANCE 

IN A SERIES CIRCUIT 



1. Rt = 



2A 

<5> 



R > Vr = 12V 



2. Rt ^ 



5A 



— Ea = 25V 



R 



3. Rt - 




Load 
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ASSIGNMENT SHEET #4 - DETERMINE CURRENT JN A 

SERIES CIRCUIT 



Directions: Determine the current in the following setlea circuits. Be sure to indicate units. 
1. I := 



Ea = 250V 



R = 125S2 



2, 



R ~ 40012 



Ea = 200V 



"(^^^ 



(NOTE; Give answer in milliamperes. 



R = 5KU 
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ASSIGNMENT SHEET #5 — DETERMINE UNKNOWN CIRCUIT VALUES 




3. Ip 



J. 




+ 



Ha 

40V 



B? 1012 



20V 



© 



•f --T" 



30V 



R1 

ion 



20V 



. I 



512 



5V 



-AAA/- — -\/\Aj — 
15V 10V 



v.. 



Rl = lOli 



VR2 

R2 ^ 512 




(NO'IE: "The Ohms U»w fornujia afipiu.'b to all parts of a circuit.) 
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5 



R. = 



6V 



3A 



> 

tiV > Hg 



1 

,1 



+ O \AAr WV VW-- 

Rl = 20U R2 ^ 201 > B3 = lOSi 

100 V 





^ " - - ♦ a ^vV\- A'W \\\f 

R1 H2 H3 

90V 



- a 



0 



(NOTl: All resistors aic^ iH\i)u\ m valihr ) 
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ASSIGNMENT SHEET #6 — DETERMINE UNKNOWN VALUES 
IN A RESISTIVE SERIES CIRCUIT 



1 R 



(NOTf Fifttl solve foi 



■;t" 



3nv 



R3 ?u» 



~-<aV 



-r 



Hi - toy 



R3 - 1512 



R2 



R2 - 2m 



|N07F; To r>o!v(« f<.!r any onv pvirt o! ;3 circuit, you must hi^vv two known vatues of 
thot part, If scifviruj for volt/., yon must find amps anrl ohms.) 

3 Drtf^niiifH' thr (lunntitios Hniicatfid 



" 71,' 31? 

-—Ha 

v/\- - 



1 
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ASSIGNMENT SHEET #6 



ERIC 



Ptncrmino the ouantities indicated. 

r~ ~-<aK -AW- 

Fa 

+ T" R3 



a. 



R2 - 10KU 



— TvV 

nnv 



100 V 



b. v^, = Vf,. := 

(NOTE; 5 niA , 005A.) 
Detefrninc tho quantities indicated. 



X" 



— A/W~ — 

RT = 100K12 

R3 ~ 2QKil 

-f - 




V J 500V 



a R = 



d. 



G. DetrfiT)int! thf quantities indicatffJ. 

5KV 




e. 
f 



Vh,. - 



R2 = 25 KU 



r, F 



1 ; 



d V;, 



ASSIGNMENT SHEET #6 



What resistance value will the lamp have? 




In this circuit, if you wanted the lamp in problem 7 to operate at 50v, wrhat would 
the value of Ri have to be? 



100 V 



500mA 




Eu = 50V 
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ASSIGNMENT SHEET #7 - COMPUTE THE POWER DISSIPATED 

IN A RESISTIVE SERIES CIRCUIT 



1. P 



Ea = 30V 



A hA 



R1 :=15S} 

R2 =150 




3. f'.,- 



PR2-? 

— — - 

R2 = 



0 



500mA 
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5. If the lamp is using 40 watts, the current equals 



20V 




?0) 
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ASSIGNMENT SHEET #8 - CALCULATE CURRENT AND VOLTAGE 

IN PARALLEL CIRCUITS 



1. Calculate quantities indicated. 

a. E;,, 

b. _ 

c. Ep,_ 

d. - 

e. !t-- - 

2. Calculate quantities indicated 

a. Ih, 

b. E,,., 

c. W 

d. It 

e. Ea 

3. Calculate quantities indicated. 



b. 
c. 
d. 
c. 



>n,-.. 



IT 



Ea 

60V 





'R2 




> R2 




^ 10U 




Ea 

20V 



R-j 



R2 
512 



H3 
1012 
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4. Calculate quantities Indicated, 
a- Eh, _ 

b. Er, 

c. Ea . 

5. Calculate quantities indicated, 
a- I, 

b, I;, „ 

C I, , 

d. !, 

6. Calculate quantities indicated. 

a. Ip 

b, It___.. 
c. 
d. 



Eh 



1 — ■ — 





R3. 
3{HJ 



t 





S> R2 




J 5Q 


4A * 


20V 



-A 



If you measured current where ammeter is located, what should it indicate? 
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8. Calculate quontitios ifulicaltHl 



a. 
b 

c. 
d, 
e. 
f. 



Ea... 
It. - 



G niA 



F 



1()0V 



2 rnA'^ 2 mA^ ^ 
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ASSIGNMENT SHEET #9 - CALCULATE RESISTANCE IN PARALLEL 

CIRCUITS 

1. Calculate quantities indicated. 

a. Ri 

b. R2 - - 

c. Rt 

h 

2, Calculate R t 




Ea = 60v 



5A 



IR2 
2A 



3. a. 



Calculate 



60V 



1 



i - i 



R2 <> H3 



b. If the three resistors are equal in value, R , - ohrns. 
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4. Calculate R; 



r 



— wv- 



— VNA- — 
R2 40Q 



5. Calculate Hr._.-. 



I 



R1 

6012 



R2 

6tii 



R3 
60Si 



6. Calculate Rr 



r 



2012 



R2 

3on 



7. Calculate R< 



R1 
300 



R2 

mi 



8. Calculate Rt..,-. 



r 

I 



R1< 
2011 



I 



R2 
20 SI 
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12. Calculate Hi 



ASSIGNMENT SHEET #9 



Malcti methods on the right with their circuit diagrams. 



a. 



X" 



15U < 15U 



i: 




R3 
15S} 



R2 

5CK2 



1. Unequal branch 
method (product 
over sum) 

2. Reciprocal method 

3 Equal branch 
method 

(NOTE: Method 2 can, 
naturally, be used for 
all. Choose the fastest 
method.) 
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ASSIGNMENT SHEET #10 — CALCULATE POWER IN PARALLEL 

CIRCUITS 




Wattr, 



CIRCUiTRY 
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ASSIGNMENT SHEET #11 — CALCULATE VARIOUS VALUES IN 

PARALLEL CIRCUITS 



1. Calculate quantiticb inciicateil 



GA 



50a > 2A 



n 



.5 

K 

•> A ; 



a. E,,, 

I'. I-,.. 

vi, H;. 

t. t^ 



2. Calculate quantifies irHlicat(?d. 



Et = 30V 



.1 1 



3. Calculate quantities indicated 



______ 



c ■ 



I (Pr = 4B Watts) 



AAA/- 
Wv 
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Ciiciilatt^ quantiltes itiiiiCiitecl. 



A 



II 1 



a. El... 

b. R4.- 

C. 

e. Rt__ 
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ASSIGNMENT SHEET #12 ~ TRACE CURRENT FLOW 5N 
SERIES-PARALLEL CIRCUITS 



Study the schematic and complete the statement boknv it. 




Current wilt divide at Point . . ami rome t)arK loqether at F^oint 

From the circuit above, list the resistoti:; 

in series , 

in parallel . 

In the circuit above (Resistors 2 and 3) \vfiK,r) statf^ncntf. tK^ovv a^-- ^onecr> 

„a will carry a conibined two amps ot current 

b. will each carry two amps of current 

C- will carry a combined one arnp of curu^nt 

^_ci, will each carry iess than two ampr» oi /"urrenl 
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ASSIGNMENT SHEET #12 



4. Study the schematic below and complete the questions below it. 



5. 




a. At what point does current divide? _. 

b. At what point does it come hack together? „_ 

c. Does current divide mofe than once? 



List the three resistors in the circuit above that form a series siring. 

a. 



c 



6. List the resistors in ttie circuit above in series with the source. 



In the ciruit above, which statements below are correct? 

...a. is in parallel with R^, R4, and 

b. Loss than 10 amps will flow through R^ 

c. 10 amps will flow through R^, 

cJ. Less than 10 amps will flow through R3. R4, R5 
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Study the followitig schematic and answer the questions tjolow i\. 



- 

10A 



1 



r - 



1 



c 



^2 

-^-j.- 



a. At what point does current first dividt^? _ . _ 

b. At what point does current next divide?^ „ 

At what point does current all come back toQether?^.., . 

In the circuit, check the pairs of resistors that arc in parailel with each other. 

a Ri and 

_ b. and R,: 

^ ,,c. Ro and R., 

. .... d. and R.. 

Answer these questions. 

a. How many resistors are directly in series wilfi thr rest of the circuif^ 

b. Is the R,,^^ of R4 and Ri, in scries with R/^ 
Check the statements that are correct, 

... ..a. ly:^,^ + ^3 = 10 amps 

. Jx An ammeter at Point C wi!i measure 10 amps 

. ...^ .„c. Current through wil! be more than throucjh f^. 
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12. Study the following schematic and answor the questions below it. 



a. 
b. 
c. 
d. 

e. 

f. 

Q- 
h. 
i. 
j 

k, 




Current first divides at which point?_ 



Current next divides at which point?... 



Does current also divide at Point D? Point F?. 



How many resistors arc in series with the source?^ 
Will there be a full 10 amps of Current through R/?„ 
Will there be a full 10 amps of current through R«7^ 
Wil> there be a full 10 amps of current at Point G?_ 

Does total current go through R;>? „ . 

Docs a full 10 amps enter Rg? . 

Will current be common through R-, and R,^? 



Does the full 10 amps of current enter Point D?.„ 
Name the two resistors in string. 
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ASSIGNMENT SHEET #13 - PERFORM EXERCISES IN CIRCUIT 

REDUCTION 



1. This assignment is to reduce series-paralie' circuits by redrawing them as series 
circuits, in this manner: 



Rg and R3 in the original circuit have been combined into one resistor, which has 
become R^q in the redrawn circuit. in the redrawn circuit will have the same 
resistance as R2 and R3 combined in the original circuit. Jn other words, Rpq in the 
redrawn circuit will t>e equal to Req of the original circuit. 

a. What is the resistance value of Roq in the redrawn circuit above? 

b. Redraw the series-parallel circuit with just one resistor and show its value. 




Original Circuit 

-AAAAr- 



Redrawn 



= 10V 



ASSIGNMENT SHEET #13 



Redraw the circuit below by combining R H^, and H.. Show the new value. 



I 



Ri ^ loi: 



R3 = 15U 

~V\A/ 



- Ej = 25V 



R2 = 3(Hi 



R4 - lOi; 



— -WV 

You Should now have two resistors in parallel. Redraw the circuit again, combin- 
ing the parallel branches. Show the equivalent value of the paraliel branch. 



Your circuit should now be a series circuit with two resistors. Redraw the circuit 
once more, showing one equivaleni resistor Show values, including It. on the 
schematic. 
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ASSIGNMENT SHEET #14 ~ SOLVE FOR TOTAL RESISTANCE 



1. This assignment will combine circus reductions and solve for total circuit resist- 
ance in more conipiex circuits Use the stops cittnl in the Information Sheet and 
refer to \\ if ncK^essary. Stud> the cifcuit below Trace cur rent flow and determine 
which resistors are in parallel. 



a. First, find R,,^, for R,* and --^ 

b. Redraw circuit, showuig R.- and combined into one equivalent resistor 
Show values. 



2. Note that R^ and R^c are in series and are additive. Combine and R^q into one 
equivalent resinton R^.^. Redraw the circuit and show values. 



# 
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3. Notice now that the new R^j, is in paralL-i with R Find Ihe next R^,. and rociraw 
the circuit with appropriate values shown. 



4, Redraw the final circuit showing one equivalent resistor. R,. 



v.. . 



CIRCUITRY 
UNIT 111 

ASSIGNMENT SHEET #15 ~ SOLVE FOR TOTAL CURRENT 



Study the circuit below. It is 



X 



^ R2 
iR3 = 2A ^ R3 



Find Ir - 




Find It = 



R1 



R2 



IR3 = 1A > R3 
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ASSIGNMENT SHEET #16 ~ SOLVE FOR TOTAL VOLTAGE 



Vr^ = 30V 



= 20V S 20V 



Ea = 



Ea 



1 



VR2 = 10V S R2 
Rl § Vr-j = 30V I 

Vr3 - 20V 5 R3 

1 



VRi = 10V 



Ea 



1 



'Vr2 = 20V 



Vr5 = 10V 
— /VV^^ — 



I i 



Vr3 = lOV 



i VR4 = 10V 
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ASSIGNMENT SHEET #1^ — SOLVE FOR BRANCH VOLTAGES AND 
CURRENTS IN SERIES-PARALLEL CIRCUITS 



1. In this assignment, you will solve for branch voltage drop and current through 
branches. 

a. In the schematic below. Vf,, = , , 



-0- 



Ea = 40V 4A 



Vr.| = 20V > Ri 50 



R2 = 1012 



:r3 - ion 



T 



b. What is a Vp,? _ 
Find lp„ above. _ 



2. In the circuit below, the voltage drop across R4 is 









15V 


i 






r. 




R4 = 5ii 



3. In the circuit at)f>vc?. V., . 

4. In the circuit above. 1^^ 
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5. Study this circuit, 
a Fin(JV(,, 
b. Find Ir;, . 
C. ^nui Ij, , 



R] = 20'..' 



WW 
R3 WM 




1^ ' - 



Br-?f.3 
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ASSIGNIVIENT SHEET #ia ™ SOLVE FDR fVIULTlPLE-; VALUES OF 

VOLTAGES AND CUMRFJNST 



— AAA^ 



R'5 mi 



2. Sfi'vv *t'r uu-i';t''; 



■6 
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ASSIGNMENT SHEET #19 - ANSWER QUESTIONS REGARDING OPENS 
AND SHORTS !N SERIES-PARALLEL CIRCUITS 



1. The hisv in the circuit below is rated at 10 amps. Anaiyye the circuit and answer 
the questions below it. 



1 



IR. 6A 



FUSE 
|R2 = 12A 



IR5 = 30A 



R3 



R4 



a. How many amps will try to flow through the fuse? 

b. Will the fuse blow and create an open? . 



In the following circuit, an open suddenly occurs between and R4, Answer the 
questions. 



X 



B3 



R2 



R4 



R5 



ERIC 



a. Total current will (increase, decrease, stay the same) 

b. !r, will (increase, decrease, stav the same) 

3. In the shorted circuit below, the current flowing through 

R? - 



a. 
b. 



SHORT 
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ASSIGNMENT SHEET #20 ~ ANSWER QUESTIONS ABOUT GROUNDS 

AND VOLTAGE POLARITY 

1. This assignment deais with voltacjc cJ^vu1^:f^ 
and grounds, especially with yrounds n<A 
located at the power source. Study the c\ww\ 

and indicate the polarity and voltagi^^ ^ A 

requested. 



a. The voltage between Point A unU ^ ' f\ 

ground is ipositivo nuq ^ ^iOV 

ative) 



a. The voltage and polarity Ironi Pom! A 
ground is ... „ . 



Voltage ^ ' ' ' with respect 1u Pcnni 
A I 



b. The voltage polarity between Point R #8 
and ground is ^positive 

negative) - khi 

♦ C 

c. The voltage polanty between Point C ' 

and ground is ... tposttivcv" R4 - KHi 

negative) _ ^ ^ 

d. The voltage poJanty between Point [) ^ 

and ground is (positivr^ * 

negative) , 20i> 

study the circuit and answer the questforv,,, " ^ B 



b. V„ (from Point B to ground) fs - ou.. 

c. Vc (Point C to ground) is ' ^' 

d. Vd (Point D to ground) IS . R4 - 40L' 



^ l> 
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ASSIGNMENT SHEET #21 - ANALYZE NO-LOAD AND LOAD CIRCUITS 



3, 



In this assignment, you are going to perform a 
circuit analysis betw^n a no ioab circuit and a 
load circuit. Suppose we have a given circuit 
with no load condition. 

With resp^t to ground, what is the polarity 
and voltage at: 



a. Point A _ 

b. Point B _ 

c. Point C 




First, let us record the quantities in the circuit with no-load or ground connectnri. 
Fill in the blanks with the proper values. 



1" 



Ea = 30V 



1 

052 



■1012 
lOii 



a. Rt 

b. It,- 

c. V„,.. 



Suppose now that we want to connect a load that neecJs negative volta to oper- 
ate. Which of the following circuits shows the proper load connection? 



lOiJ ^ 



Hz 

mi 

# 



LOAD 



? 10U 



i 




v^H^un likv this' 



-4>' 



' . M/;-. ,1 ^r-tstof in parallel 



vv, >t 'Mu'v Wii' nrxcssary 10 

..>^:;:;^;;0 I'u^ w{i kovwv that 



■ yb\yj^ M K.feases or 
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ANSWERS TO ASSIGNMENT SHEETS 

Assignment Sheet #1 

1. 50V 4. lOOOV or 1KV 

2. 100 V 5. 340V 

3. 40KV 6. 100V 
Assignment Sheet #2 

1. True 4. 45V 

2. C 5. 30V 

3. 25V 
Assignment Sheet #3 

1. 6 

2. 5 

3. 3 
Assignment Sheet #4 

1. 2A 

2. 500 mA or 0.5 A 

3. 40 niA 
Assignment Sheet #5 

t. 2^ 5, 2 

2. 2A 6. 20V 

3. 1A 7, 50K1J 

4. 20V 8. 30V 
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ANSWERS TO ASSIGNMENT SHEETS 



Assignment Sheet #6 

1. 8 ii 



2. 



5V 



15 i.' 



b. 4 A 

c. 28 V 

d. 4A 

a. 5mA 

b. 50V 

c. 20K 

a. 50K U 

b. 10mA 



G. 10mA 
6 a. 200mA 
b. OKV 
c 25K 

7. 100 U 

8. 100 12 
Assignment Sheet #7 

1. auw 

2. 20W 

3 fjv-; 



f. 

9- 
h. 
d. 

e 
f. 
d. 

e. 
f. 
d. 
o. 

f. 



12V 

8V 

12V 

4A 

100 V 

5mA 

250V 

300V 

200V 

1KV 

5KV 

75K V. 

200mA 



4 40W 
b 2A 
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ANSWERS TO ASSIGNMENT SHEETS 

Assignment Sheet #6 

1. a. 50v 2. a. 5a 

b. 5a I). lOOv 

c. 50v c 5a 

d. 5a d. 10a 

e. 10a e. lOOv 
3. a. An 4. a. 60v 

b. 4a b. 60v 

c. 2a c. eOv 

d. lOd 

e. ?0v 

f. 20v 
(J. POv 

5. a. 3a 6. x 4a 

b. 6a b. 8a 

(' 2a c. 20v 

d. 11a (1 20v 

7. 10a 

8. a. 2rTia 

b. lOOv 

c. lOOv 
it 6r7ia 

e. I00v 
f IDOv 



P ■ n 
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ANSWERS TO ASSIGNMENT SHEETS 

Assignment Sheet #9 

1. a. 2QU 2. mi 

b mi 

c. 121.' 

d. 12L' 

3. a. 101> 4. 
b. 300 

5. 20U 6, ,^'> 

7. 20O 8. 10u' 

9. 6li! 10. 121J 

11. bU 12. 2<2 

13. a. (3; 
b. (1) 
C. (2) 
Assignment Sheet #10 

1. 400 

2. 2500 watts 

3. 45 watts 
Assignment Sheet #11 

1. a. 100V 2, a 5i; 

b. 100V b. 1A 

c. 1fi7S] r 3 A 

d. 5012 d. 1A 
e 50'.i (f 1A 
f. 600W i. 6 A 
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ANSWERS TO ASSIGNMENT SHEETS 

3. a. 3lJ 4. a ?0v 

b. 4A b. 5S.' 

c. 12V c. 2a 

d. 0.4a or 400ma d. 2a 




Assignment Sheet #12 

1. Point Y. Point Z 

2. In series — R, and R 
In parallel - R.. and R 

3. a and d 

4. a. Po<nt C 

b. Poin! A 

c. No 
5 R P.. a 
6. R,. 

7 All arc correct 

8. a. Point A 

b. Point B 

c. Point C 

9. d 

10, a. One{R,) 
b. Yes 

11. a. b. d 




0. 2S] 

f. 200 watts 



2r}i 



ANSWERS TO ASSIGNMENT SHEETS 



a, Po'iTit A 



b. 



Point C 
YoR. Ycy- 
None 
No 
No 



Assignment Sh-^et ^13 

1. a. 



I 



b. 



{-A 

L 

AAA^ 




mi 



Ml. 



1 

t 



AAA^ 



■il.V 




1A 



a- 

h. 



Yrs 
No 
No 

No 

and R. 
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Assignment Sheet #14 

1. a ir>ohrns 




4U Hi 



3. 



4i» S ^^1 



Assignment Sheet #15 

1 3a 



2. 6a 
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ANSWERS TO ASSiGNMENT SHEETS 

Assignment Sheet ^16 

1. 50v 

2. 30v 

3. 4(Jv 
Assignment Sheet #17 

1. a. ;>0v 

b. 2Qv 

c. 'hi 
?. fiv 

4. O.li or fjOOrna 

5. a. 21 4v 
b. 1 43A 
C. .715A 

Assignment Sheet 

1. a. a 2, a. 10 j. ;:>a 

I). 10 b. 10a k, ba 

10; I <:. rOv 

(J. 20v (1 bQ\ 

v., 8()v f ;"iv 

f. 80v ?. U'fw 

(). 10a a 

h. 2a h 5,-1 



o - • 
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ANSWERS TO ASSIGNMENT SHEETS 

Assignment Sheet P]9 



1. 


a 


12a 




b. 


Yos 


0 


a 










3. 


a. 


Zero 




b. 


Zero 


Assignment Sheet #20 


1. 


a. 


20v ruHjative 






2()v positive 




c. 


40v positive 




d. 


60v positive 


2. 


a. 


Negative 50v 




b 


Negative 30v 




c\ 


Positive 30v 




d. 


Positive 70v 




0, 


Positive 120v 



Assignment Sheet #21 

1. a. Negative U) volts 

b. Positive 10 volts 

c. Positive 20 volts 

2. a. 30 

b. la 

c. lOv 
d 10v 
('. lOv 



O r 
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ANSWERS TO ASSIGNfUIENT SHEETS 

C. 1 

(i 1?v 

V 12v 

f. rw 



7. 
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JOB SHEET #1 — VERIFY OHM'S LAW 

A, Equipment and materialK noeUoii 

1. Regulated powtn supply 

2. Switch (SPST) 

3. Two resistors: R, = 4.7K. wait rnit?:rnuni; R,. ^ IK, 1 watt. 

4. Multimeter 

B. Procedure 

1. Measure ami record the ohms value of the two resistors 

2. Connect a circuit as shown in the foliowintj i^r.iiematic (Figure 1). 



Power 



Hi 



Supply ^2 



_,.J 



3. Close the switch and adjust the power supply output to 24 volts. 

4. Use the voltmeter to measure the foilowing voMcigo^: 
Vh. - V,, - . . ^ 

5. Read and record the ammeter indication I ^ 

6. Disconnect the circuit by opening the switch 

7. Use Ohm^s \a\N and compute. 

8. Compare the values of the variou£i ctir.ent coinputat unt;, and explain the differ- 
ences, if any. in these values 



^5 



JOB SHEET #1 

Return equipment and materials to their proper storage area. 
(NOTE: The foliowing questions may be discussed in class: 

a. Is the current the same through all components in a series circuit? Why? 

b. Are the voltages the same across all components in a series circuit? 
Why?) 
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JOB SHEET #2 - ANALYZE A SERIES CIRCUIT 

A. Equipment and materials needed 

1. Regulated power supply 

2. Switch (SPST) 

3. Two resistors of the same value 

4. One resistor of a different value 
6. Multimeter 

(NOTE: Your instructor will give you the value of voltage and the value of resistors 

to USD.) 

B. Procedure 

1. Connect the circuit according to the following schematic. 




2. Close the switch. 

3. Use the voltmeter to read and record 
Ea = 

= 

Vm, = 

_ 



4. Add the voltage di ^ps across the three resistors and compare the sum with the 
aniuunt of applied voltage. 



9 - n 
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5. Compare the voltage drops across R, and having the sivue value of ohms and 
with the voltage drop across the other tesistor. 

(NOTE; Discuss how applied voltage distributes itself across resistances of une- 
qual or of equal value.) 

C. Identify the most negative point in the circuit. 

7. Return equipment and materials to their proper storayu area. 



o 
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JOB SHEET #3 - MEASURE VOLTAGE, CURRENT, AND 
RESISTANCE IN A PARALLEL CIRCUIT 

Equipment and materials needed 

1 . 1.5 battery or cquivaient 

2. Two small resistors of equal value or two small lamps 
{NOTE: Ask instructor to give values.) 

3. Multimeter 

4. Switch (SPST) 

5. Wire to complete circuit 
Procedure 

1. Construct a parallel resistive circuit according to the schematic below. 




2. Close switch S, 

3. Measure and record applied voltage (E^)- 

4. Measure and record voltage across R,, and across R^,. 

5. Compare recorded voltages. 

Are they all equal?_ 

Explain why. 



6. Open switch S,. 

7. Connect ammeter in series with H.. 
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JOB SHEET #3 

8. Close switch S, and read and rocord current _ 

9. Open switch S,. 

10. Disconnect ammeter from R, branch and connect it in series with R.-,. 

11. Close switch and read and record current (1^,.).. _ 

12. Open switch S,. 

13. Disconnect ammeter from branch, and connect it in series with the voltage 
source (E^) and switch S,. 

14. Close switch S, and road and record main current (\{). „ 

15. Open switch S.. 

16. A' rn ^rded ounenls i^^ and 1^. equal? Explain v.'iy or why not, 

17. Add 1}^^ and J^^,. Does the sum equal h? Explain why or why not. ^ 



18. Close switch; if lamps were used icr R, and R^. note that both lamps are glowing. 

19. Disconnect from circuit, 

20. Record ammeter indication, and, if and R,'^ are lamps, note any changes in 
operation when (lamp) was removed 

21. Replace Rp, and remove R. from circuit. 

22. Record ammeter indication, and note any changes m R^ operation, it applicable. 



23. Reconnect R^. 

24. Using voltmeter, read and rccor(i applied voltage (Ea), B^y and 



25. Using measured and lu compute total resistance of the circuit 
(Rt) ^ 

26. Using me sured voltage and current values, compute Ri and R2. and from these 
figures compute Rt_„_ ^ , ^ 

27. If R^ and R2 are lamps, expia n changes in lamp oper-^' ^n when one lamp was 
removed from the circuit.^ ... J . 



28. Return equipment and materials to their proper storage area. 
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JOB SHEET #4 ~ ANALYZE A SERIES-PAHALLEL CIRCUIT 



A. Equipment and materials needed 

1. DC power supply 

2. Multimeter 

3. Two 1000, one 1500. and one 2200 ohm resistors. 'teW or more 

4. Switch SPST 

B. Procedure 

1. Connect the resistors as shown in the schematic. 

2. Adjust the power supply to 20V and close the switch. 




Rl = 1K0 



R3 = 1KS2 



R2 = 2.2KO 



R4 = 1.6KS2 



v3. Measure and record the voltage drop across each resistor (V-,, Vi,. . .). 



4. 
5. 

6. 
7. 
8. 



Measure and record the current ttirough each resistor (I,. Ij. . .). 



Compute the power used by each resistor using the values measured in Steps 3 
and 4 (P, = E1I,. etc.). 

Measure and record Ea and I j. 

Compute Rt using the measurements of Step 6 , 



Compute R,, R2, R3, and R4 using the voltage drops and currents measured in 
Steps 3 and 4. 



9. Compute Rr using the resistance values computed in Step 8. 
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Return equipment and materials to their proper storage area. 
(NOTE: The follo\A^ing questions may be discussed in class: 
a. Did the value of Ri computed in Step 7 differ from Step 9? 
Explain. 

Why does the resistance computed using the voltage drop and current dif- 
fer from the color-coded value? 

c. How much difference do you think you can permit between the computed 
and the color-coded values of a resistor? Why? 

d> Does the total power (IE) equal the total power computed in Step 5? 
ExplcT n any differences/; 
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JOB SHEET #5 — CONSTRUCT A VOLTAGE DIVIDER AND 

ANALYZE ITS FUNCTION 

Equipment and materials needed 

1. DC power supply 

2. Multimeter 

3. One 1000 ohm and two 2200 ohm resistors, V:>W or more 
Procedure 

1. Cont^ect the resistors in scries with the power supply as shown in the following 

schematic. 




Ri ^ mi 

o — o — 



-• A 



R2 - 2.2KU 



Rt = 2.2Kn 



B 



2. Adjust the power supply to 20V. 

3. Close the switch and measure and record Vn-, and V,,,. 

4 Connect the load across points A and B. 

5. Read and record the voltage across and across R2 with the load con- 
nected._ ^ _ 

6. Explain why Vm^ changed when the load was connected and explain the direction 

of the change. 



7. Explain the differences observed in with and without the load. 



JOB SHEET #5 



F^etufti equipmoni and tTialerials to their proper storage area. 
(NOTE: The following questions may be discussed in class: 

a. Do senos resistors cause voltacie changes when load currents change? 

b. When the load is connected does the power supply "see" a series circuit 
or a series-parallel circuit'^) 
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1. Match the terms on tfie right with the ? cor^ocf UrfHntioris. 

a. A circuit where the same* currofif passes 

through each component 

^b. An ovcrcurrent protective device with an elc 

ment that melts and opens the circuit when 
overheated; this device must be replaced 

c. A circuit with no available path tor current to 

flow (infinite reststance) 

d A system of conductors through which an 

electric current is intended to flow 

.^^ e. A device designe^'^ to r-witch open a circuit 

automatically when ti current ovtrioad 
exists; this device may be reset 

1. An electronic circuit which provides more 

than one path (or branch) for current to flow 

.. g. Applying Ohm s law and other rules to (Jeter- 
rTiir>e the effect of certain parafneteth or^ vai^ 
ant variables 

h. A circuit that contains some components \n 
series and some in paralie! 



A junction point in a circuit at which currenl 
divides into separate branches, or reunit^^s 
from separate branches 



j. Circuit originating from a mam circuit, often 

one of many 

k. Circuit that bypasses another v.trcuit or 

device, especially a low-resistance byp<iss 
tor an ammeter circuit 

I. Unit of measure for power 

.._^___^m. The rate of doing v^orK 

n Amount ol energy us^'i! a vp^:ci'HMi !une 



1. Branch circuit 

?, Circuit breaker 

3. Open circuit 

4. Circuit analysis 
5 Series circuit 

G. Wurk 

7. Series-parallel circuii 

8. Shunt 

9. Circuit 

10. Power 

11. Parallel circuit 

12. Node 

13. Fuse 
14 Watt 
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TEST 



Select true statrnunUr^ rcnircrM.f!!; 
blanks prrmling itu? Uux' hUiMyuvrn 



The suFTi oi thi* voU..H;r> - n> 



3. Complete the following lisi of stau^fot ^;.. < ,vr;-. m.'?..; rr!v.>.%.rK:.. m soMt-; tSrruU Dy 
Inserting the wordti>) th.it host riuvpiv-if-, t . ; i^/^•VJf^^ 



a. 



The sum of Ibv resist^nu p ^ cquuiN t^^*:. 



b. Th(^ resistance vafut of jr>KfM. un *vs ; ?' 
.... kiw and 

4. Select true statemenl- conci^rntMcj ^ i^M. -t r: ,i • , 
blanks preceding fhn tfuf' stal* n'C^^i- 

a. The cuffi;r?! tfmnitjh h rr- - :,,f 

. — .,b. Total curten! c;iii im . wifui^^h j .iSi^^; 



Select true statements coi?i:t'f fiin^; wM...qv - ;^ 
blanks preceding th(^ true- ^tatt'rnv?M^ 

^ a. The voftacjc v.Ufrs au:**:' ..- ; c^t^-. i ? r v.r^ 

b, Brarurh rlrrrn-rMs n ,i ; j : -^v ; : a •> 

The voltaQ^^ is th^: :-.vk^> vorv ; . ^ 

Complete the foilo'Ainf^ iif.t r** vi.:f*^v} r , ^ ^. 
ing the wordts) which bt-sl cn!fipr ?<-, : r, t.i*. - 



a. 
b. 



if curient is fH)t Kn(Ji*\n 
total resistance 



c, Equal branch metfuxi if . 



■ V i!' i/ >U'{\ t;y Mining 



, V.'^: !:iqr drop iUUl 



m thr 



r u 'If 



d. Uf^equai branch nh-ttiud »: ^i^>t - j vJit ; ; 
value arc conriecttMl in pat;r,u/i 

e. • Th(^ ::i'v . . 

the r(n.istatK>> any ;>:if I"! 



ERIC 



0( 



BE283 



TEST 



. ■> A;..-! * t: . \. : -^^Mv^? trutuiqh i;.;ich branch. 

t'^ ''^^^ !*/ . :- r>r*-, . voiiviHt^ MniitipliOfi by the resistance 

■ :i ^ ^^-i's t^'^' SiiMM if tfuMnanch currents 4- I- 4- 

H f.\'fr^p'»' !r- ^ ? ; ' • I , * ^ * r^^rwiu; voit:Uu^ a tuuies-paralle) circuit 

JiiM-rtinv; ihr A- .r.i,:, vji :if It- ! I'v^Mii U't'^is^ r;,ch slatomont. 

v.^ii,;or 5^ ; si /i' v ^•'vum.,^Pv' a :.ofiv":: L^umg is oqua! to the resist- 

o ;^(.' , ij{'e!)t IMi^ ^.;nMC5, 

I. \-^''\r^M 'y -^-o ■ i^'-i--' mi wtfiru; *>i;ual^; the „ across 
! h ♦ ' t * ' : r * * . ! ^ M , ; 

V) A^^,il^H } ^. f;j* - v!v; : ^^ . 'r . '-r. • p,<raH» f ^ ifcuM bv irultcdlmg the first step 

.:r.ii\ t:i.' u-ior: ,i rcvtslof to repio.siMit each equivalent 



.pi>!!U' r .. i; ;.v';>: :.■ ,.:r\i w^n t, rosistaoces to determine 

10 t' t.j:^ i.;M-r.^ »>.^ .^.r. , f >, t? a) ie! £ : 1 f f ^ui I by placing HP "X'* 

(\iM* M I ^ f -i'M r/? - *-.»'r.i>v: p-araHpi cifcuif ^:*qua!s the voltage 

t> f'-'* • ^ "^ J'; v>f tf)»^ ('.uTfc«'r?ts in each branch 

' * » * b^; '\ sfMH'v.; p<Ma.Mei circuit equals the voltage 

f« *,v- b? jf.' ?^ i v.J-.j by !ho tt^tal rehfStufiuc hi the branch, 

11. (^Hn;>hMJ' itir ' .?:ioA;r5ii )^ ^.j^t^^n^/'M!: j; ernirio characierisiics of eicjcincai 
i/owe? by ;n:.t^r'frMj trv^ ac^'J?:*": |.r..t co'i^j-uM^';. each MatefTient. 

a fh^^ rr^t.r -'^t ,j: Mf*; ^ t'U;«:!f p':^^vi:'r is the watt tW) and may be 
f ii.rtrp f r «^ t^,- ^.-{-^ a vfv; \[ j ^. ba?:je ts fnovecj l?y ^ . 
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Power [P] in an cit i t'^cai cifcuif :;.a\ 
expressed by tfueo basic formulah: 



y be caictjiated by using . 



law, 



P ill' wuttsi 



€ !v()!ts) I (aniperoiS) 



P 



\m watt si 



!•' ianiperes) {ohms) 



P (\n watts) 



E- ivolts) 
R (volts) 



Power \F dissipated in resistance it! the form of and is made evi- 

dent by a voltage drop .K.rost; the resistance. 



12. Select true statements concerning functions of a voltage divider by placing an "X" in 
the blanks preceding the true statements 



A vollape divider does not allow tupping off of different voltac' for vari- 
ous applications 

Chassis ground is often lised as the zero reference point. 
Tapped voltages may be either positive or negative. 
A load IS coi^nected in paraUel with the resistor from which the voltage is 



instructor when they should be cof7ipIeted i 

13. Determine total voltage in a seru.-b ciicuit, (Assignrruint Sheet #1) 

14. Determine voilacjr; drops atror,s resistances, (Assignment Sh£>et #2) 

15. Determine the total rt^sislanre in a senos circuit (AssinnrTient Sheet #3) 

16. DetcrfTiine current in a scries circuit. (Assignment Sheet #4) 

17. Detern)ine unknown circuii values (Assignment Sheet #5) 

18. Determine unknown values in a resistive; series circuit. (Assignment Sheet #6) 

19. Compute the power di si pa ted in a rcisistive series circuit. (Assignment Sheet #7) 

20. Calculate uunt-nt and voHagt^ in parallel circuits. (Assignment Street #8) 

21. Calculate resistance in parallel cir<:uits. (Assignment Sheet #9) 
22- Calculate power in ptaralle! (:ircuits (Assignment Sheet #10) 
23. Calculate various values in parallel circuits. {Assignment Sheet 



tapped 
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24. Trace current flow in series-parallel circuits. (Assignment Sheet #12) 

25. Perform exercises in circuit reduction. (Assignment Sheet #13) 

26. Solve for total resistance. (Assignment Sheet #14) 

27. Solve for total current. (Assignment Sheet #15) 

28. Solve for total voltage. (Assignment Sheet #16) 

29. Solve for branch voltages and currents in series-parallel circuits. (Assignment Sheet 
#17) 

30. Solve for multiple values of voltages and current. (Assignment Sheet #18) 

31. Answer questions regarding opens and shorts in series-parallei circuits. (Assignment 
Sheet #19) 

3Z Answer questions about grounds and voltage polarity (Assignment Sheet #20) 

33. Analyze no-load and load circuits, (Assignment Sheet #21) 

34, Demonstrate the ability to: 

a. Verity Ohm's inw. (Job Sheet #1) 

Analyze a series circuit (Job Sheet #2) 

c. Measure voltage, current, and resistance in a parallel circuit, (Job Sheet #3) 

d. Analyze a series parallel circuit. (Job Sheet #4) 

e. Construct a voltage divider and analyze its function. (Job Sheet #5) 
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CIRCUITRY 
UNIT III 

ANSWERS TO TEST 



1, a b h 

b, 1? 1 ^:> 

c a J. 1 

ii 9 k. 8 

i\ 2 i 14 

f. 11 Ml 10 

g 4 n 6 

2 a. V. 

3. a. Total 

b, Ohn?s. Kitchhoffs 

'1 a. t. 

5. b, c 

6. a Ohms law 

b. Rf'ciprocal 

c. ParalkM 
(I Unoquyl 

{' Pvuallei rule 



h Voltat]-: 



9 .1 4 
b I 

c 5 



? 



10. t). i; 

11. a. WattfTH'trT 
b Voitacje 

r. Watts 

d. Huat 

12. D. c. tJ. e 

13.-33. Evaluated to tho bntir.faction of the instructor 

JiA. r'erionriafici; skills ovakialt^tl k) Ihu :>atibi;ii.ti<)ri uf Ihi- instiucior 
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INTRODUCTION TO AC 

UNIT )V 



UNIT OBJECTIVE 

After completion of this unit, the student should be able to apply theoretical knowledge 
related to alternating current, measure alternating current, and convert from one AC measure- 
ment to another AC measurement. Competencies will be demonstrated by correctly perform- 
ing the procedures outlined in the -ob sheets and by scoring a minimum of 85 percent on the 
unit test. 

SPECIFIC OBJECTIVES 

After completion of this unit, the student should be able to: 

1. Match terms related to introduction to AC with their correct definitiofvs, 

2. Select true statements concerning principles of inductance. 

3. Select true statements concerning principles of capacitance. 

4. f^atch types of transformers with their correct 

5. Calculate the power in three-phase circuits, 

6. Arrange in order the steps for identifying three-phase transformer coniicctions 

7. olve problems converting from one AC measurement to another AC measure- 
ment. 

8. Select true statements concerning phase shifting, 

9. Discuss the relationship betw€*en time and frequency 
10. Identify comrr*^n types of filters. 
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OBJECTIVE SHEET 

11. Complete a list of statements concerning configurations of filters. 

12. Identify types of single-phase transformer connections. 

13. Demonstrate the ability to: 

a. Measure alternating current voltages using a multimeter. (Job Sheet #1) 

b. rvieasure alternating current using a multimeter. (Job Sheet #2) 

c. Determine the configuration of a multiple-winding transformer. (Job Sheet 
#3) 
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INTRODUCTION TO AC 
UNIT IV 

SUGGESTED ACTIVITIES 

A. Obldin additional malOfiais and/or invite fosourco people to clans to supplefnent/rein- 
force information provided in this ufMt of instruction. 

(NOTE: This activity ^should be completed prior to the teaching of this unit.) 

B. Make transparencies from the transparency masters included with this unit 

C. Provide students with objective sheet. 

D. Discuss unit and specific objectives. 

E. Provide students with information sheet, 

F. Discuss information sheet. 

(NOTE: Use the transparencies to enhancf? the information as needed.) 

G. Provide students with )ob sheets. 

H. Discuss and demonstrate the procedures outlined in the job sheets. 

I. Integrate the following activities throughout the teaching of this unit: 

1 . Use a triggered oscilloscope to show throe-phase AC power Set the trigger to tine 
and scope each phase to show the 120"^ phase relationship. 

2. Using an oscilloscope, demonstrate transformer frequency response. 

3. Find exaniptes of various types of capacitors and show them to students. 

4. Meet individually with students to evaluate their progress through this unit of 
instuiction, and indicate to them possible areas for improvement. 

J. Give }< St. 

K. Evaluate test. 

L. Releach if necessary. 

INSTRUCTIONAL MATERIALS INCLUDED IN THIS UNIT 

A, Obje^ctivc? sheet 

B. Suggested actjvif>os 



9" r; 
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INSTRUCTIONAL MATERIALS INCLUDED IN THIS UNIT 

D Ttansparenc v niaslers 

1 TM 1 — Thr*MNpti4isr Voitayc CurrtMit. arki Powor 

?. TM ? ' • Procednre for ideniityinc! Throe-Phase C()?*>^v.^» \kms 

3. TM 3 • Procediife tor Identifyinc: Thr^^e-Phasc Connections (Continued) 

E. Job sheets 

V Job Shoot ^\ — Measure Alternating Gurreiit VoUages Using a Multimeter 

2. Job Sheet ^2 — Measure Alternating Current Using a Multimeter 

3. Job Sheet #3 - Determine the Configuration of a Multipk>Winding Transfomier 

F. 

G. Armwers to test 

REFERENCES USED IN DEVELOPING THIS UNIT 

(NOTF: The foliowing is a list of refert* nces used in completing this unit.) 

A. Grob. Bernard. Basic Electmrucs. New York: McGraw-Hill Book Company, 

B. Miloaf. Harry hfoctnatv Onc Sovcn. Hasbouck Heights NJ: Hayden Book Company, 
Inc 

C New Mexfco Vocational Industrial Safety Ginde Santa Fe. NM: New Mexico State 
Department of Education. 

D, Robertson, L. Paul. Basic Efcctranfcs I (Revised Edition), StiHwaler. OK: Mid-America 
Vocational Curriculum Consortium. 198?, 

Z. Siebert. Leo N. Introductions to Industrial Electricity Electronics, Stillwater. OK* Okia 
homa Curriculum and Instructional Materials Center, 19B1- 
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INTRODUCTION TO AC 
Umi IV 

INFORMATION SHEET 

!. Terms and definitions 

A. AC • • AbbroviatHrn for alternating current 

B Bleeder resistor A resistor that is placed in parallel with a capacitor in 

ordrf? yo provide a discharge path for the capacitor when the power supply 

is turned off 

C. Capacitance - Property of a capacitor that opposes any change in voltage 

D. Capacitor Device used to store electrical charge 

E. Capacitor tester An instrument that measures capacitance in leakage 

F Choke - A coil of wire wourid around an iron core or a *orrn of insulating 
material a nurr^be'' of times 

G- Counter electromotive force (CEfVIF) ~ Voltage developed in an inductor 
which is opposite that of the applied voltage at every instant 

H. Cycle - One cor >te set of values for a repetitive wave form 

I. Dielectric - Irisulatinq suDstance between plates of a capacitor 

J. Electrolytic capacitor ~ Capacitor that must be connr^cted m only one 
direcficMi, observing polarity 

K. Electromotive force (EMF) — Force or voltage that causes curr^n: to flow 
througt) a device 

L. Farad Unit of measure of capacitance 

M Filter A device that reduces rapid variations in voltage or current by 
restricting variations from the circuit, bypassing variations from the circuit 
or hUowing rapid variations to a gradual change 

N Frequency The number of cycles per second for a waveform with peri- 
odic variations 

O. Henry UnU of measure of inductance 

P Hertz - • Unit of frequency; one Hertz equals one cycle per second 
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Q. Inductance Propeftv of an inductor that opnoses ;iny change in current 

flow 

R. Inductor - Device us(;d to conccnfratr magnetic lines of force 

S. Induction • - Pfoduciion of an electric charge or magnetic field in a sub- 
stance by an electric source, magnet, or magnetic field 

T Insulation — A substance thai prohibits flow of electricity 

U. Lag or lead angle — The relative displacement between voltage and current 
waveforms measured in degrees, one cycle is 360" 

V. Leakage current ~ Undesirable current flow between capacitor plates due 
to inability of dielectric material to restrict that flow 

W. Perioij — The amount of time 'or one cyclr 

X, Phase — Source^of AC power; a relationship between time and AC wave 
form or between AC wave forms 

Y. Reactance Me;*sure of AC opposition ottered by components such as 
capacitors and inductors; measured in units of ohms 

Z. Ripple — Vanalions in DC voltage 

AA. Self-inductance — Conri;;ctors ability to induce voltage in itself when cur- 
rent changes 

BB. Tank circuit — An inducior and capacitor in parallel 

CC. Time constant - Time required for a capacitor or inductor to change by 
63% after a sudden rise or fall in voltage or current 

Principles of inductance 

A. Self-inductance or inductance is the atjility of a conductor to produce an 
induced voltage when current varies. 

B inductors resist rapid changes in the current flowing through them, and 
allows DC current to flow. 

C. fvlutual inductance is the ability of a conductor to induce a voltage in 
another nearby conductor. 

D. Current lags voltage by 90*' in a purely inductive circuit. 
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INFORMATION SHE.:T 

III Principles of capacitance 

A. Capacitors have the ability to store a charge. 

B. Capacitors are two conductors separated by an insulator. 

C. Voltage applied to a capacitor causes electron build up on the negative con- 
ductor which will in turn force electrons on the positive conductor to be 
repelled. 

D. Voltage lags current by 90'' in a purely capacitive circuit. 
IV* Types of transformers 

A. Voltage transformer Step down transformer used to reduce high voltage 
by a specified ratio 

B. Current transformer — Step-down transformer used to reduce high current 
and provide isolation from high voltages; provides a fraction of current to 
gauge value of total current 

C. Air core transformer — Transformer without an :on or metal core; usually 
applied to lov^ povi^er. high frequency applications 

D. Autotransforrner — Transformer whose primary and secondary windings 
are of a common core and share a common cormection 

^CAUTION: This transformer does not have an isolated secondary,) 

E. lron»core transformer ~ Transformer having metal core usually made of 
laminations of iron or steel; usually applied to low frequency, high power 
applications 

R Toroidal transformer — Transformt^r having a ring-shaped core around 
which windings are wrapped 

Isolation transformer - Transformer used to isolate circuits from a com- 
mon grc und, from direct current potentials, or to improve power transfer by 
impedance matching improvement, often providing no change in voltage 

(CAUTION: An isolation transformer should be used tietween test equip* 
ment to avoid possible eH»ctricdl shock.) 

H. Variable AC transformer (Variac) - Transformer which can be varied while 
in operation 

(CAUTION: This transformer does not have an isolated secondary.) 

9 r 1 
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I. Step-down transformer - Transtormer used to reduce voltage while 
incrcasinc] current cap3bi!ity above that of the source 

J Step up transformer — Transformer used to increase voltage, while 
decreasing current capability of source 

(NOTE. Because of the laws of energy conservation, step-up and step-down 
transformers always decr<'ase current for voltage or vise versa as measured 
from the primary to the st>conc!ary) 

K. Spark coil — High voltage transformer, usually an autotransformer; often 
used to develop high voltage ignition for gasoline engines and gas firing 
devices 

L. Booster transformer — Additional transformer placed in a trai>smission or 
distribution line to boost voltage to an acceptable level from a reduced level 
caused by line length 

V. Power in three-ph&ae circuits (Iransparcncy 1) 

A. Delta ~ Voltage across each load member is the f ulMine voltage; amperage 
in each member is \ 3 x line amps or 1.732 x amps 

B. Wye — Amperagejn each member is full line amperage; voltage across 
each member is v3 x line volts or 1.732 x line volts 

(NOTE: To find the pov.^er in delta or wye circuits, use the formula P = i x 
n3 X E.) 

Example. A three-phase circuit has 10 amperes measured on each line. 

The voltage is 480 volts. It is not known whether the cii-cuit is 
delta or wye. What is the power of the circuit? 

Solution: P ) x \ 3 x E 

= 10 X 480 X 1.732 

= 8.314 VA 

~ 8.3 kVA 

I. Steps for Identifying thre6-phi»se transformer connections (Transparencies 2 and 
3) 

A. Label circuit components and connection points 

B. Resketch circuit so that connections along the same wire are all at one 
point, looping wires as necessary and avoiding crosL'ng wires as much as 
possible 
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C. ReskrU:'h circuit o^tifttt'^a ,''^v 'Airr ?fuxt r-x^\ trorri one devico to 
another 

D. ReairanQf? c<HTu>()nenls '^\k}u- s^^rlvJ'v:^ t^ntil thf rcnfiguration is 

{NOTE' This procedure «s p^PSPi^ttM tr- sMov% how U)e n;-^mes relate to the 
actual cof^hcjutatiorn^ a^^l (jivr^ .1 p'iH''t\itiro tv.^ uv*o unli! configurations 
bevXMHP readily apparent rne?r-!v upon C'i.>servdtiOf).) 

Formulas for converting from one AC measurement to another AC medsurement 

(NOTE: Meters automatically mcar.ure cfirctjvo voltage, amperage, or power, and 
conversion is not necessary. Oscilloscopes ? ioa pCcsK to-peak vaiues: however, 
components <ire sometimes rated at maximum instantaneous current or voltage 
rather than at an effective value for those rf^asc^ns. it is sonu^tifnes necessary to 
convert values.) 

P-P 

A, Convert from a PP voltage^ \o a f' vf)it:uir' - Ut^e the formula P ^ 

2 

(NOTE: Peak voltage is oni' naif o( thi; f'^-P voliago) 

Example. A voltaqe cil^play .m i>Mci!!i>o(;'..ipe jtuiicates a P-P voltage of 
340 volts 

P P 

P 



340 V 

- 1 / 0 y 

B. Convert from P to P P vo\U'.{v U<-.i> \hf- ioff?iui,i F P n- P >. 2 
(NOTE; P-P voitagr is t^vice thp afn, rjnt r-t p^-ar voUaqt? i 
Exafiipie; Usirig Ihf P vcMt;jgt- cit^ Ar' (,* 1 70 vciit;. 
P-P P X 2 

1 /'! ) V K y 



r. 340 V 
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Convert P-P voltage to effective voltage ~ Use the formula Eff = P x .707 

(NOTE: Effective voltage is the root-mean-square value of the peak voltage. 
Root mean square Is the most common method o specifying the amount of 
sine wave voltage which is 70.7% of the peak value.) 

Example: Using the value above of 340 volts, P-P must be converted to a P 
voltage as in A; then this P value is used to convert to effective 
voltage. 

Eff = P X .707 

= 170 V X .707 

= 120 V 

Convert effective voltage to P-P voltage — Use the formula P = Eff x % 2 

Example: Using the value above of 120 volts, fitst calculate for the P volt- 
age, then for P-P voltage. 

P ^ Eff X X 2 

= 120 V X N 2 

:= 169.7 V on 7CV 

P-P = P X 2 or 170 V X 2 

= 340 V 

Convert P-P voltage to average voltage — Use the formula AVG = P x .636 

(NOTE: Average voltage is the average of one alternation or a value of .636 
of the peak voltage.) 

Example: Using the P-P value above of 340 volts, find the P value which is 
170 volts. Then calculate for the average voltage. 

Ave := P X .636 

= 370 V X .636 

s: 108 V 
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F. Convo.l itv.' avofuae vpil.KU' to .5 P P \ahiv ■ Use !!h' lennula p .-: AVG x 
1.572 

pKvimplr: UbiUhf uvrr/uu' va'uf atH'VfMif lOH vclts 

P r-. AVG X ^ 

- 108 V >; i.'j7;.: 

= 170 V 
PP = P X 2 

= 170 X 2 

- 3-1:: 

Phase shifting 

{NO'i"F- The t mc-" relationship betws.'t-n aiteriiatincj vDilaqes and ctiiront can bt? rop- 
rcsentod by the phase angle mdicaieil in tiptirees.) 

A. A purely resistive cifcuit has 0 phase angle. 

B. In a purely capacitivc Oircuil. ciirrent leao"r ' Oitago by a phase angle of 90". 
C In a purely inductive circuit, voltaao K-ads current by a phase angle of 90°. 
Relationship between time and frequency 

(NOTE: Frequency mcasurocj in hCft:-' or cvcip'.' per second (cph; \\\ invorsciy pro- 
portional to time.) 

A. T = 1 / Frequency -IS 

Example: f = 10K H/ Tirru,' = 1 / 10 OOO Hz ^ Ims 
B f = 1 / Tinse = 1 ^ s 

Example: s ^ 1 micfo r.ocond \ ^ ^ • .C)OOCX)1 = 1M H.- 

C. T = {<) / 360) X 1 / f 

Fxampkf. (» = GO" and f ^ 60 Hr 

T = (60 / 3601 • n / 60) 7..nn\h 
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X. Common types of filters 

A. L-t liter 

Cxaniplos: , 



MJUUU' 



L1 



B. T-filter 



F:xamp!r; 

1-1 . 



RL or 



c 

if- 



L2 



RL 



C. TTfiiter 



Example: 



L1 

nJUULT 
:ci C2: 



Rl 



Xt. Configurations of UHBrs 

A, High-pass 

1. Coupling capacitance in series with the load 

2. Choke inductance in oarallel with the load 
1 ow-pass 

1. Choke inductance in series with the load 

2. Bypass capacitance in parallel with the load 
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Types of sSngla phase transformer connections 

(NOTE: Transformers shown arc standard power distribution types With two 120- 
volt secondary winclincjs. A single winding or two in paralle! will produce 120 voits. 
Both windings in ^^eries wi!! produce 240 voltr., Grnijnded lermuials produce the 
**neu1ral conductor! 

A. 240 volts. twO'Wire 
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. — ^, 

HV + 240 



F- 1:^0'240 vr^ts. ihro - a vvith adiiittooai power capacity of two transformers 




F. 208 voiliL twowae frcrn 240 volt irircmnh autotranstoimer 
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Three-Phase Voltage, 
Current, and Power 



Delta 



Full line 
voltage Is 
directly across 
each member 




Full-line 



I amperage 

is not through 
each member 

Wye 



Full line voltage ^ 

is not directly 

across eaih member Clj 



Full-line current 
is through 
each member 
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Procedure for Identifying 
Three-Phase Connections 




Example A 



Step A 



d f 



— b — * 


f i 

e 




a 


c 








V 











Step C 




Step B 




Step D 
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Procedure for Identifying 
Three-Phase Connections 



(Continued) 




Example B 



Step A 



b d f 








Step C 



bdf 




Step B 



bdf 







a 









Step D 
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INTRODUCTION TO AC 
UNIT IV 



JOB SHEET #1 ~ MEASURE ALTERNATING CURRENT VOLTAGES 

USING A MULTIMETER 

Equipment and materials needed 

1, Multimeter with test leads 

2. Alternate current power sources 
Examples: 24'volt transformer, rheostat 

Procedure 

1. Set multimeter controls to measure AC volis. 

2. Measure 'line voltage" of power receptacle at the work tench. (See diagram 
below.) 

(CAUTION: 120 volts can cause injury or death. Do not touch the metal parts of 
the test leads while measuring.) 

3. Reco'^d the readings below. 

a. Voltage between slotted jacks . 

b. Voltage between longest slotted jack and ground jack 



c. Voltage between short slotted jack and ground jack 

Long Slot 
Short Slot 
Ground Jack 



(NOTE: If voltage is measured in Step 3b, the receptacle is wired incorrectly. 
Notify your instructor.) 

4. Attach the equipment given to you by the instructor to specified power source. 
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Measure output voltages. 

Record data below for those devices specified by your instructor. 

a. Voltage at setting specified by instructor . ^ 

Transformer output vollage 

c. Rheostat output voltage at setting specified by instructor ^ 



d. Other devices or source of AC voltage 

1) Name 

2) voltage „ 

(NOTE: Show your results to the instructor.) 

Return equipment and materials to their proper storage area. 
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JOB SHEET #2 - MEASURE ALTEBNA1ING CURRENT 

USING A MULTIMETER 

Equipment and materials needed 
t Multimeter with test leads 

2. Lamp base — 120 VAC 

3. Lamp — 40 to 150 watts 

4. Lamp cord with 120 volt plug 
Procedure 

1 Connect lamp, multimeter, and plug in series. 
(NOTE: Have instructor check your circuit.) 

2. Set multimeter for AC aipperage measurement. 

3. Plug circuit into 1^ VAC receptacle, and measure the current; record measure- 
ment below. 

Lamp current =i . amps 

4. Multiply amperage reading obtained in this job sheet by the voltage reading 
obtained in Job Sheet #t 3a.; record below. 

Amps X volts ^ watts 

5. Return equipment and materials to their proper storage area. 
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UNIT IV 



JOB SHEET #3 - DETERMINE THE CONFIGURATION OF 
A MULTIPLE WINDING TRANSFORMER 

Equipment and materials needed 

1. Multimeter 

2. DC power supply, or DC source (battery) — 12 to 24 volts, with test leads 

3. Variable AC supply — 60 Hz, from 20 to 120 volts, with test leads 

4. Multiple winding transformer with diagram — 60 Hz, 120- to 240-voU primary, 
step-down secondaries, wire leads attached 

5. Wire markers (numbered tape markers) — At ieast half as many as the number of 
transformer connections 

Procedure 

1. Use wire markers to mark each transformer iead wire. 

(NOTE: Use a number "2" and a number "10" to make 210, etc. Each wire should 
have a oifferent number cr a different pair of numbers.) 

2. Use the ohmmeter to identify which wires are inte^'connected. 
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JOB SHEET #3 

3, Record the numbers in groups as shown in Figure 1 
FIGURE 1 




4. Connect the transfer ner to the AC supply or variac by connecting it to the group 
that has only one pair, the heaviest insulation, is color^ccKled black, or is the most 
removed from the other leads. 

(NOTE: This should be the primary input. Ask your instructor to check your work 
before proceedin;^ to the next step.) 

5. Separate the vi -^^s so that their leads do not touch. 

6. Turn the AC supply output control down to the minimum, 

7. Turn on the power, adjusting the AC supply output for JK) voltfs. 
(NOTE: Uf w' the voltmeter if the supply does not have a panel meter) 

8. Use voltmeter to measure between wires within each group. 

9. If any pair produces a reading of more than 20 volts, reconnect the power supply 
to that pain 

10. Remeasun^ and record the voltage between each pair with each group as shown 
in Figure 1 
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JOB SHEET #3 

11. Sketch each group from voltage readings. 

(NOTE: The two having the highest readings aie thr outside ends of the wirvd- 
ings; other measurements should be parts of thet total voltage.) 

12. Disconnect the AC supply. 

13. Connect one primary lead to the UZ supply. 

14. Ansvtfcr the following questions: 

a. Do transformers operate on DC power? 



b. If AC Is constantly changing. Is it significant to assign a polarity relation- 
ship to transformer windings? 




15. Connect the voltmeter between a pair of leads representing the ends of a wind- 
ing. 

16. Set the controls for 24 volts DC. 

17. Turn on the DC supply and briefly touch the remaining transformer primary lead 
to the other DC supply output terminal makinij contact for only a split second 
while watching the voltmeter. 
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If the vollmeter deflects toward upper scale (positive flash for digital meters), 
return to the sketches you made In Step 11, and draw in and mark with a large dot 
next to the number, the transformer lead connected to the positive voltmeter lead 
as shown in Figure 2. 

(NOTE: These dots are referred to as phasing dots and ate sometimes seen on 
schematics.) 

FIGURE 2 




19. Using the Step 1 1 sketches, draw and mark with a largo dot, the transformer lead 
connected to the negative voltmeter lead if the meter indication ter.ds to go off 
scale or negative. 

20. Continun with Steps 17, 18, and 19 for each set of secondary end leads. 

21. Using the Step 11 sketches, draw In the transformer primary. 

22. Mark a large dot next to the lead connected to tne positive terminal of the DC 
supply. 
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Resketch the tranr.(ormer making all dot-marked leads at the top of tht? windings 
as in Figure 2. 



Multiply each AC voliage reading by six, because the input was only ^ volts in 
the test, or Vs of 120 volt's. 

(NOTE: If the transformer has a 240-volt prinnary, n^ultiply each voltage reading by 
twelve.) 

Record the voltages on the new transformer sketch. 

(NOTE: Show your sketch to the instructor.) 

Return equipment and materiiils to tl'ieir proper storage area. 
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NAU^E 



TEST 




Match the terms on tho right with their correct definitions, 

(NOTE: Answers lo questions a, k. appear on this page.) 

3 Source of AC power; relationship between 

time and AC waveform, or between AC 

waveforms 



A device that reducers rapid variations in 
voltage or current by restricting variations 
from the circuit, bypassing variations from 
the circuit or slowing rapid variations to 
gradual changes 




c. Measure of AC opposition offered by com- 
ponents such as capacitors and inductors: 
measured in units of ohms 

- d The relative displacement between voltage 
and current waveforms measured in 
degrees; one cycle is 360 degrees 

e Time required for a capacitor or inductor to 
change by 63% after a sudden rise or fall in 
voltage or current 

f. Device used lo concentrate magnetic lines 
of force 

g. Property of an inductor that opposes any 
change in current flow 

,h. Production of an electric charge or mag- 
netic field in a substance by an electrical 
source, magnet, or magnetic field 

Conductor's ability to induce voltage in itself 
when current changes 

j. Force or voltage that causes current to flow 
through a device 

k. Voltage developed in an inductor which is 
opposite that of the applied voltage at every 
instant 



1. Time constant 

2. Lag or lead angle 

3. inductance 

4. Self"inc;i»ctance 

5. Inducici 

6. Electromotive force 

7. Filter 

8. Reactance 

9. Induction 

10, Counter electromo^ 
tive force 

11 Phasa 
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{NOTE: Answers to questions i, cc, appear on this page.) 

5. A coil of wire wound around an iron core or 

form of insulating material a number of 
times 

m. Unit of measure of inductance 

n. A substance that prohibits flow of electricity 

o. Insulating substance t>etween plates of a 

capacitor 

p. Undesirable current flow between capacitor 

plates due to inability of dielectric material 
to restrict that flow 

. q. An instrument th^t measures capacitance 

and leakage in current 

t Capacitor that must be connected in only 

one direction, observing polarity 

s. Unit of measure of capacitance 

t. Variations in the DC voltage 

u. A resistor that is placed in parallel with a 

capacitor in order to provide a discharge 
path for the capacitor when the power sup- 
ply is turned off 

V. Abbreviation for alternating current 

w. The number of cycles per second for a wave- 
form with periodic variations 

^ _x. Property of a capacitor that opposes any 

change in voltage 

y. One complete set of values for a repetitive 

waveform 

2. Unit of frequency; one of these equals one 

cycle per second 

aa. Device used to store electrical charge 

„bb. The amount of time for one cycle 

cc. An inductor and capacitor in parallei 



12. Choke 

13. Dielectric 

14. Henry 

15. Insulation 

16. Electrolytic capacitor 

17. Farad 

18. Bleeder resistor 

19. Capacitor tester 

20. Tank circuit 

21. Leakage current 

22. Period 

23. Capacitance 

24. Hertz 

25. AC 

26. Capacitor 

27. Cycle 

28. Frequency 

29. Ripple 
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Sp'ect true statements concerning principles of inductance by placing an "X" in the 
blanks preceding true statements. 



# 



4. 



a. 



b. 



Self^inductance or inductance is the ability of a conductor to produce an 
induced voltage when current varies. 

Inductors resist rapid changes in the current flowing through them, and 
allows DC current to flow. 

Mutual inductance is the ability of a conductor to induce a voltage in 
another nearby conductor. 



— ^d. Voltage lags current by 90*^ in a purely inductive circuit. 

Select true statements concerning principles of capacitance by placing an "X" in the 
blanks preceding true statements. 



,a. 

b, 

c. 



Capacitors have the abiiiiy to store a charge. 

Capacitors are two conductors coiinectecJ by an insulator 

Voltage applied to a capacitor causes elect, o.n build up on the positive 
conductor which will in turn force ncctrons on the negative conductor to 
be repelled. 



d. Current lags voltage by 90 in a purely capacitive circuit 

Match types of transformers on the right with their correct descriptions. 



_a. Step-down transformer used to reduce high 
voltage by a specified ratio 

-._b. Stop-down transformer used to reduce high 
current and provide isolation from high volt^ 
ages; provides a fraction of current to gauge 
value of total current 

._c. Transformer without an iron or metal core; 
usually applied to low power, high frequency 
applications 

- -d. Transformer svhose primary and secondary 
windings are f a common core and share a 
common conrjcction 

... e. Transformer havmg metal core usually made 
of laminations of iron or steel: usually 
applied to low frequency high power appli- 
cations 

_f. Transformer having a ring-shaped core 
around which windings are wrapped 



1. Air-core transformer 

2. Toroidal transformer 

3. Spark coil 

4. Booster transformer 

5. Step-down trans- 
former 

G. Voltage transformer 

7. Step-up transformer 

8. isolation transformer 

9. Iron core transformer 

10. Curr'^nt transformer 

11. Variac 

12. Aulolransformer 
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g. Transformer used to isolate circuits Uom a 

common ground, from direct curient poUnv 
tialc. or to improve power transfer by inipe^ 
dance matching improvement, ohi^n 
providing no change in voltage 

h. Transformer which can t>e varied while in 

operation 

. ^. Transformer used to reduce voltage while 

increasing current capability above that of 
the source 



High voltage transformer usually an auto 

transformer: often used to develop high vcMl- 
age ignition fo*^ gasoline engines and gas 
firing devices 

Additional transformer placed in a transniis^ 

sion or distribution line to boost voltage to 
an acceptable level from a reduced level 
caused by line length 

t. Transformer used to increase vc)ltage whiiu 

decreasing current capability of source 



5. Calculate the power in the three-phase circuits in the foiiowuK) piobletiks, 

a. A delta connected transformer has 5 anips on vnch \mv. lUe voUape is 208 voits. 
What is the power of the circuit? 



Power 
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b. A wye connected transformer has a voltage of 120 volts with 3 ariips on each 
lead. What is the power of the circuit? 

Power = 



0 



6. Arrange in order the steps in identifying three-phase IransfOf mer connections. Write a 
**r' before the first step, a ''T before the second step, and so or}. 

a. Rea^'ange components in one or more sketches until the configuration is 

deter nined. 

-^b. Label circuit components and connection points. 

C- ReskGtch circuit so that connections along the same wire are all at one 

point, looping wires as necessary, and avoiding crossing wires as much as 
possible. 

d. Resketch circuit, omitting any wire that docs not go from one device to 

another. 

7. Solve problems converting from one AC measurement to another AC measurement. 

a. A technician has measured an AC signal on the osciiloscope as 200 volts peak- 
to peak. What is the effective voltage of that signal? . ^ 



b. An electronic component is rated as being capable o1 operating at a^^t?rnating 
voltages that average 30 volts. What peak^to-peak voltage is this cqu U to? 
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c, Positive alternations oi an AC power soufcc are found to be 150 voits in ampli- 
tude from zoro-to-peak. What is the rm*; value of the original AC power source? 



d. An ammeter measures 10 arnperos rms in a motor circuit. What is the zero-to- 
peak value of the current? 



8. Select true statements concerning phase shifting by placing an "X" in the blanks pre- 
ceding the true statements. 

^ a. A purely resistive Circuit has 4 90^ pruise angle. 

.„_b. In a purely capacitive circuit, voltage leads current by a phase angle of 

c. In a purely inductive circuit current leads voltage by a phase angle of 45 ^ 

9. Discuss the relatjonship t:)etwoon time and frequency. 
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10. Identify common types of fiitors by writing the correct answer in the blank below each 
filter. L 

•nuan — I — • • — II — ' — ' — • 



L-filter 
T-tilter 
^-filter 



Li 



L2 



RL or 



RL 



a. 



*UUUUTnjUULrp 

;c ?rl 



-fVJJJ 

-^C1 C2: 



rl 



b. „ c. 




11. Complete the following list of statements concerning configurations of filters by insert- 
ing the word which compfetes each statement. 

a. High'pasb 

1) Coupling capacitance in with the load 

2) Choke capacitance in with the load 

b. Low'pass 

1) Choke inductance in with the toad 

2) Bypass capacitance in with the load 




TEST 



Identify types of single-phase transformer connections. Write the correct answer in the 
blank below each connection. 



240 volts, two-wire 

120/240 volts, three- wire 

120 volts, two-wire 

High voltage, boosted by 240 voits 



120/240 volts, three-wire with 
additional power capacity of two 
transformers 

208 volts, two-wire from 240 volt 
through autotransformer 




HV + 240 
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240 




208 



f. 



(NOTE: If the following activities have not been accompiished prior to the test ask your 
instructor when they should be complRted. 

15. Demonstrate the ability to: 

a. Measure alternating current voltages usincj a multimeter (Job Sheet #1) 

b. Measure alternating current using a multimeter. (Job Sheet #2) 

c. Determine the configuration of a multiple-winding transformer. (Job Sheet #3) 
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UNIT IV 



ANSWERS TO TEST 



1. a. 


11 


t. 


4 


q. 


19 


y 


27 


b. 


7 


]■ 


6 


r. 


10 


z. 


24 


c. 


6 


k. 


10 


s 


17 


aa. 


26 


d. 


2 


1. 


12 


t. 


29 


bb. 


22 


a. 


1 


m. 


14 


u. 


IB 


cc. 


20 


f 


5 


n. 


15 


V. 


25 








3 


0. 


13 


w. 


28 






h. 


9 


P- 


21 


X. 


23 






2. a. 


b. c- 















3. a 



5. 



6. 



a. 




9- 


8 


b. 


10 


h 


11 


c. 


1 


i. 


5 


d. 


12 


j 


3 


c. 


9 


k. 


4 


f. 


2 


1. 


7 


a. 


1.8 VA 






b. 


623.52 VA 






•A 


4 






U. 


1 






c. 


2 






d. 


3 






a. 


70.7 V 







b. 94.3V Pk-Pk 

C. 106.05 V 

d. 14.14 Zero-to-Peilk 

ft. None arc true 

9. T = 1 /Frequency Vi 
f ^ 1/Timo = 1/s 
T = (0/360 X 1/f) 



10. 



3. 
b. 
v.. 



TT fiitor 

L-filter 

T-fiiler 



11. 



b. 



2) 

1) 
2) 



Parailc) 

Series 

Paraiiol 
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ANSWERS TO TEST 

12. a. Hicjh voitacje. bt> cled by 240 volts 

b. 120/240 volts. Ihfuo-wifO with add'iionai power capacity u1 tv%i^ Uansformrrs 

c. 240 voits. two-wire 

d. 120 voits. two- wire 

c. 208 voits. twD wirr trom 240 volt thfotiqh vUikitrantsfofrnt'? 

f, 120^240 voits, three wire 

13. Pcrtormanco skills ovoluated to the satisfaction of the iniMructor 



CIRCUIT COMPONENTS 

UNIT V 



UNIT OBJECTIVE 

After completion of this unit, the student should be able to troubleshoot circuit components. 
Competencies will be demonstrated by correctly performing the procedures outlined in tht job 
sheets and by scoring a minimum of 85 percent on the unit test. 

SPECIFIC OBJECTIVES 

After completion of this unit, the student should be able to; 

1. Match terms related to circuit components with their correct definitions. 

2. Select equipment used in measuring quality con^ponents. 

3. Complete a list of statements related to sensory factors in troubleshooting circuit 
components. 

4. Demonstrate the abflity to: 

a. Tost and accept/reject, replace cells. {Job Sheet #1) 

b. Test and accept/reject, replace lamps. (Job Sheet #2) 

c. Test and accept/reject, replace switches. (Job Sheet #3) 

d. Test and accept/reject, replace resistors. (Job Sheet #4) 

Test and accept/reje^ct, replace fuses and circuit breakers. (Job Sheet #5) 

f. Test and accept/reject, replace capacitors. Mob Sheet uv) 

g. Test and accept/reject, replace coils. (Job Sheet #7) 

3 ; n 



OBJECTIVE SHEET 

Test and accept/reject, replace transformers. (Job Sheet 
Analyze the effects of temperature on a thermistor. (Job Sheet #9) 
Tost and accept/reject, repair cables and wires. (Job Sheet f#lO) 
Test and accept/reject, rep' ice relays. (Job Sheet #11) 
Test and accept/reject, replace solenoids. (Job Sheet #12) 
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CIRCUIT COMPONENTS 
UNIT V 

SUGGESTED ACTIVITIES 

A Obtain aUditiona) materials and/or invite resource people to class to 5^upplement/rein- 
force information provided in this unit of instruction. 

(NOTE: This activity should be completed prjor to the teaching of this unit.) 

B. Provide students with objective sheet. 

C. Discuss unit and specific objectives, 

D. Provide students with information sheet 

E. Discuss information sheet, 

R Provide students with job sheets. 

G. Discuss and demonstrate the procedures outlined in the job sheets, 

H. Integrate the foHrwing activities throughout the teaching of this unit: 

1 Connect circuit to provide enouph current to burn out resistor to demonstrate the 
odor that it emits. 

2. Connect circurl to overdrive a transforrtier to demonstrate the sound of a trans- 
former. 

3. Meet individually with students to evaluate their progrt?ss through this unit of 
instruction, and indicate to them possib)e areas for improverTient, 

1 Give test. 

J. Evaluate lest. 

K. Reteach if necessary 

INSTRUCTIONAL MATERIALS INCLUDED IN THIS UNIT 

A. Objective sheet 

B. Suggested activitic>s 
C Iniormation sheet 

D. Job sheets 

1 Job Sheet #i - lubt and Acccpt/f^cject. f^eplace Cells 
2, Job Sheet #2 Test and Accept/Reject. Replace Lamps 



ERiC 3 1 £ 



334 



INSTRUCTfONAL MATERIALS INCLUDED IN THSS UNIT 

3. Job Sheet #3 - ir^t and Accept/Rcjoct^ Ht^piacu Switche*; 

4 Job Sheat li^^t and Accopt'*Ri?jtK:t, F^t^placi^ Resisted 

b. Jot) Shor! #4 - Trsf iuMi Accprt/F^ejrrt. Hoplaco FiJtH'S .:nd Circuit Bn*\ikrrf3 

6. Job Shoot - Tc'M and Accc-pt^Reject, FU-^p^ace Capacitors 

7. Job Sheet #7 - Tosl and Accept/Roject Repiacu? C<iits 

8 Job Sheet #8 - lest and Accept/Reject. Ri?p!ace TranstomiOfsS 
9. Job Sheet #9 - Analv/e the Fffectt; of Tcrnpeintufe on a ThoffnisK^^ 
10. Job Shot:! #10 ' Test ami Accrrpt^Reiect. Repair Cabk?s fUKi Wjre.^ 
11 Job Sheet #11 Test and Accept/Rciecl. Replace Relays 

1". Job She».'t #12 Test and Accept^T-teject. RepJace Soieiiuujs 

E Test 

F. Anhwofii to te^'it 

REFERENCES USED m DEVELOPING THSS UN5T 

{NOTE ?he foilowinu is a list of rcfercnices used in comfjlotinq ihis unit ? 

A Gfotr Bernard. Basic FleatranK's Now York MeCraw-HitJ Book Co 

B Hubert. Charles. ^^revvnn\^e Mafnfprhincc of tiecjncai Cqmpn^rjnt New YofK: McGraw- 
Hill Book Co. 

C. Mileaf. Harry. Flvatnaty Onv-Svvvri HasbouCK Heiuhts, UJ, Haydun Book Company. 

D. New Mexico VocutfOfuil tndiistruil Siiftrty GuKie Srifila Fti. NM- Wi w Mexico State 
Deportment of EdiiiMition. 

E. Siebert. leo N Introduclion to IndusUu^l ElectnCfty tJecftofni Ktiilwotor. OK: OHlrV 
horna Curnculum mii Instructtofu:^! Mtitt-nals Center. 1981. 
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UNIT V 



INFORMATION SHEET 



Terms and definitions 

A. Alkaline eel! Can provide up to seven times the service of a carbon-zinc 
cell: output voltage is 1.5 volts; can be either primary or secondary cell 

B. Battery — A group of cells connected on a series or parallel circuit 

C. Carborv^inc dry cell - Most common type of dry cell; nominal output volt- 
age is 1.5 volts 

(NOTE: Common si^es are D, C, AA, and AAA.) 

D. Continuity - - A coridition which results in a complete path for current to 
flow 

(NOTE: A continuuy test will have a reading of zero ohms.) 

F:. Cycling — The process by which a battery is discharged and recharged 

F Discharge ~ To remove electrical energy from a charged body {capacitor or 
battery) 

G, Dry cell - A nonrecfiarpeabie source oi electrical energy produced by 
chemical action 

H Electrolyte - A substance which, in solution, is dissociated into ions and 
is capable of conducing an electrical current 

L Fusible resistor - A resistor for protecting a circuit against an overload 

J. Lead-acid wet cell — Most commonly used for autoinobile battery; nominal 
output voltage is 2.1 volts; can be constructed in combinations of three (6 
volt) or six cells (1? volt) batteries: lead-acid is a secondary cell and can be 
lecharged 

K. Lithium cell - Has high output voltage, long shelf life, low weight, and 
small volume: output voltage is either 2/ v or 37v. depending on the electro- 
lyte; shelf life is ten years or more. 

(CAUTION: Lithium is a very active chenrtical, and can have an expiasiva 
reaction that may occur without warning during use or storage.) 
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L. Magnetic !HV!t<^h • • A sv^loncMil v^hich prrfonns a sinipk: function, such as 
opening or closing a switch 

M. Opon iop^^n ciri'iul) • - A cufiUitu^n tfitd i^a urs winm a circuit iS broken (bfo- 
ken wire or upun i>vv)tcJ)i lhal inlctr uptf. currt^nt fk>w 

N. Primary neU - Rattt^ry tho! ran not be rccharc;ec1 

O, Relay An electrical $^w)tch which opc?ns ai J closes a circuit aulomati- 
ca!(y 

R Seconciary ce!! - - Battery tliat c rvcha(g<Hi 

(NOTE: This is alr>o called a storapo cell ) 

Q. Shelf life length of time a cofrjponent can bo stored before its operating 
characteristics start to difyracJe 

(NOTE: The i^heif lite of dry ceH^ can be extended by storinQ at a tempera^ 
ture between 40-i>0**F.) 

R Short {short circuit) - A cc>ndJtH'»n that occujfs when a circuii comes into 
contact with another pan of ilv:- sanie circuit, cauv.inci a change in either cir- 
cuit resistance or curreni 

S, SoienoJd — An electrornacjnol cor^s^stlng of a i:oii with a moveabie core: as 
current flows throuoh the roii. the core nu^vrs. performing a mechanical 
action. 

T Switch A rTiechanu-al or electrical device which l>reaks or conipletot; a 
path for eiectrtca! cnrront or routes*, it over a different path. 

U Thermistor - A tcvnperaturp c^jmpf^nsatnuj rrsistor vvhe^ the resistance 
varies with the temperature 

Equipment used In measuring circuit components 

A. Ohmmeter — UseiJ to rneasure resii^'itance or tet;t f<^r cfjntinuity 

B. Voltmeter - Used to rru-visuie voiiage 

C. Ammeter Used to rTieasurp cijrrent How 

D. Continuity light - Useci to ^:heck for a cc^mpieted circuit 
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Sensory factors in troubleshooting circuit components 

A. Look for smoke, and discolored, swollen, or burnt components. 

B. Check for hot components. 

{NOTE: Some components operate warm. If a component Is too hot to 
touch, it may be defective.) 

(CAUTION: Some electronic components may generate a great deal heat 
before tniming out- This can cause serious bums to your hands.) 

C. Check component for the smell of burnt wax or plastic. This indicates it has 
overheated. 

(NOTE: The equipment may still operate temporarily before total failure. If 
so. locale any smoking components which may indicate a section to start 
troubleshooting.) 

D. Lister» 'or a hissing or sizzling sound. This may either be a resistor burning 
out or . capacitor shorting out. A high pitch whine is usually an inductor or 
transformer becoming defective. 
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JOB SHEET #1 ~ TEST AND ACCEPT/REJECT, REPLACE CELLS 



Equipment and materials needed 

1. Hydrometer 

2. Multimeter 

3. 9'Volt battery (carbon-zinc or alkaline cell) 

4. 1K ohm resistor 

5. 12 volt car battery (lead acid wet cell) 

6. SPST switch 

Loaded voltage test procedure 

1 Using the 9 volt battery and the voltmeter, measure and record the unloaded volt- 
age. 

Battery voltage unloaded = - - . ^„ ^ 

2. Connect the circuit below. 



3, With the switch closed, fneasure and record the loaded voltage and the circuit 
current. 

Batlery voltage loaded - . . . - 

Battery current loaded ^ . , 

4. Calculate the internal resistance of the battery 




V(unloaded) Vjloaded) 

" 1(loaded) " ' ' 
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JOB SHEET #1 

Using the following chart(s), determine whether the battery is 

Good or Bad 

CELL CHARACTERISTICS 



Cell 


internal 


Current 


Life 


Size 


Resistance 


DrainCma) 


Hours 




u.t>y unms 


1.5 


275 






7.5 


52 






15 


24 


A A 

AA 


0.29 Ohm^ 


3 


350 






15 


40 






30 


15 


AAA 


0.44 Ohm^ 


2 


290 






10 








20 


17 


C 


0.47 Ohm s 


5 


420 






25 


100 






50 


40 


D 


0.27 Ohm's 


10 


500 






50 


105 






100 


45 




TYPICAL CELL VOLTAGE RATINGS 



Voltage R inqs 

Type of Cell No Load Loaded Discharged 



Copper-zinc sulfuric acid, primary 

wet cell 1.08 1.008 0.8 

Carbon-zinc-chromic acid, pri- 
mary wet cell 2.0 1.9 1.7 

Carbon-zmc-ammonium chloride, 

primary dry cell 1.5 1.4 1.2 

Mercury-zlnc-potassium hydrox- 
ide, primary dry cell 1.34 1.31-1.24 1.0 

Lead-acid storage cell 2.1 2.0 1.75 

Nickel-Iron, alkaline storage cell 1.37 1.3 1.0 

Nickel-cadmium, alkaline storage 

cell 1.3 1.2 1.0 

Siiver-zlnc, alkaline storage cell 1.96 1.86 1.6 
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JOB SHEET #1 



Specific gravity test procedure 

1. Obtain car battery from instructor. 

2. Remove the lid from the cell to be tested, 

(CAUTION: Be extremely careful not to spill any fluid on your clothes or skin. Do 
not blow into the cell as fluid may splash back into your eyes.) 

3. Compress bulb syringe on hydrometer and insert into cell. 

4. Release bulb and allow to fill with fluid. 

5. Remove the hydrometer and check the level on the graduated scale. 

6. Check the scale reading against the table below and determine the amount of 
charge. . 



SPECIFIC GRAVITIES 

From To Charge 

1.260 1.280 100% 

1.2:^ 1.250 75% 

1,200 1.220 50% 

1.170 1.190 25% 

1.140 l.-'60 Very little useful capacity 

1.110 1.130 Discharged 



7. 



Return equipment and materials to their proper storage area. 



CIRCUIT COMPONENTS 
UNIT V 



JOB SHEET #2 ^ TEST AND ACCEPT/REJECT, REPLACE LAMPS 

Equipment and materials needed 

1, Ohmmeter 

2, Continuity light 

3, Assorted good and bad lamps 
Procedure 

1. Connect the ohmmeter as shown below. 
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JOB SHEET #2 

2. Accept if the ohmmeter indication is near zero. 

3. Reject if the ohmmeter indication is near infinite. 

4. Connect the continuity light in place of the ohnnmeter. 

5. Accept if continuity exists. 

6. Return equipment and materials to their proper storage area. 
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CIRCUIT COMPONENTS 
UNIT V 

JOB SHEET #3 - TEST AND ACCEPT/REJECT, REPLACE SWITCHES 

A. Equipment and materials needed 

1. Ohmmeter 

2. Continuity light 

3. SPST wall switch 

4. Push button switch 

5. Toggle switch 

6. Micro swftch 

7. Rotary switch multiposltion 

8. Any switch mounted In a non-powered circuit 
B- Procedure 

1, Connect the ohmmeter to the SPST switch as shown below. 



(NOTE: For switches with multipositions. test each position for proper opera- 
tion.) 

2. Place switch in the "off" or "open" position. 

3. Check for an ohmmeter reading of infinite resistance. 

4. Place switch in the "on" or "closed" position. 

5. Check for an ohmmeter reading of zero resistance. 

6. Accept If all of the above conditions are met; otherwise, reject or replace the 
switch. 

7. Repeat Steps 1 through 6 for each switch. 

8. Use the continuity light In place of the ohmmeter and repeat Steps 1 through 7. 
checking for continuity in the "on ' or "closed" position. 

9. Return equipment and materials to their proper storage area. 
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CIRCUIT COMPONENTS 
UNIT V 



JOB SHEET #4 - TEST AND ACCEPT/REJECT, REPLACE RESISTORS 



A. Equipment and matenals needed 

1. Multimeter 

2. Assortment of resistors 

3. Potentiometer 

4. Rheostat 

B. Procedure 

1. Determine the value of each resistor given and enter this value in Table I. 

2. Using the tolerance of each resistor, determine the maximum and minimum 
value for each resistor. Record this value in Table 1. 

3. Connect the ohmmeter as shown in Figure 1. 



4. Read tne measured value of each resistor and rK:ord in Table 1. 

5. Indicate whether the resistor is within tolerance by recording an (A) accept or (R) 
reject in Table 1. 

6. Read the value of the potentiometer from the case and record the value in Table 
1. 

7. Connect the potentiometer as shown in Figure 2. 



FIGURE 1 




AAA. 



FIGURE 2 




8. Measure the total resistance of the potentiometer and record in Table 1. 
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JOB SHEET #4 

9, Connect the potentiometer as shown in Figure 3, 
FIGURE 3 



10, 



11. 
13, 



14. 



15. 




Turn the shaft to vary the resistaf.cc, and observe if there is a smooth increase 
arid decrease in resistance as the shaft is turned. 

If resistance movement is not smooth (ohmmeter reading jumps in resistance as 
shaft is turned), indicate (R) reject in Table 1. 

Read the value of the rheostat from the case and record the value in Table 1. 
Connect the rheostat as shown in Figure 4. 
FIGURE 4 



Turn the shaft to vary the resistance, and obsen^e if there is a smooth increase 
arid decrease in resistance as the shaft is turned. 

If resistance movement is not smooth (ohmmeter reading jumps in resistance as 
shaft is turned), indicate (R) reject in Table 1. 

TABLE 1 





Color C{Klf* 
Value 


Mtnjmum 
Resistance 


Ma?t?munr» 
Resistance 


Measured 
Resistance 


Accept/ 


Resistor 1 












Rrt>istor 2 












.Resistor 3 












Resistor & 






















Rosibtof 6 
























Resistor 8 












Resistor 9 










Resistor 10 












Potentiometer 

























16. Return equipment and materials to their proper storage area. 
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UNIT V 



JOB SHEET #5 ~- TEST AND ACCEPT/REJECT REPLACE FUSES AND 

CIRCUIT BREAKERS 

A. Equipment and materials nmiecl 

1. Multimeter 

2. Continuity light 

3. Assorted good and bad fuses 

4. Circuit breaker 

B, Procedure 

1. Connect the ohmmeter as shown in Figure 1. 
FIGURE 1 



1 











A 



2. Accept if the ohmmrter indication is near zero. 

3. Reject if the ohmmeter indication is near infinite. 

4. Connect the continuity light in place of tho ohmmeter. 

5. Accept f continuity exists. 

6. Connect the ohmmeter to the circuit broaknf a*. stK)wn in Figure 2. 
FIGURF 2 
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JOB SHEET #5 

7. Placo the circui! t>foake? U\ the "ofi"' or "open" position 

8. Chock for m vUmmvlv^ reading of infinite resistance. 

9. Place circuit btpakor in th*^ "on" or "ciosed" position. 

10. Check for an (ihrnfftetpr reading of ?ero resistance. 

11. Accept if all of tfie above conditions are met; otherwise, reject or replace the cir- 
cuit breaker. 

12. Use the cnnJinuity light in place of the ohmmeter and repeat Steps 7 through 9 
checking for continuity in tfie "on" or "closed" position. 

(NOTE: A circuit breaker which indicates it is good by this test should also be 

cf'ecKed ufKfer operating cor»dittons.) 

13. Return equipment and materials to their proper storage area. 
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CIRCUIT COMPONENTS 
UNIT V 

JOB SHEET #6 - TEST AND ACCEPT/REJECT REPLACE CAPACITORS 

A. Equipment and materials needed 

1. Multimeter 

2. Three known, good capacitors (large, rnodium. small, e.g. less than O.l^if) 
3* Shorted capacitor 

4. Open capacitor 

5. Leaky capacitor 

B. Hrocadure 

1- Place the ohmmeter leads across the large (gooii) capacitor. 

2. Note the swing of the needle across the scale to zero and its return to infinity as 
the capacitor is charged by the ohmmeter battery 

3. Repeat Steps 1 and 2 with the medium and with the small (good ) capacitors. 
(NOTE: Notice the smaller deflection of the needle during charge.) 

4. Place the ohmmeter leads across the opof^ capacitor. 

(NOTE: Notice the lack of any deflection of the ohrnrnotfu ijeedle, indicating no 
current path,) 

5. Place the ohmmeter leads across the shorted capacitor. 

(NOTE: Notice that the needle indicates zero ohms rt?sistance (no wturn toward 
Infinity and thus no charging of the capacitor plate 

6- Place the ohmmeter leads across the leaky capucifor. 

(NOTE: Notice the return of the needle to some specific resistance indication 
rather than a return to infinity) 

7. Place the ohmmeter leads across the medium sized (good) capacitor and permit 
the indication to return to infinity. 

8- Reverse the ohmmeter leads and observe the dtfforenne in mitfal ohmmeter nee- 
die indication. 
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JOB SHEET #6 

9. Repeat Steps 7 and 8 using the small (good) capacito?. 

10. Discuss your findings with your instructor. 

11. Return equipment and materials to their proper storage area. 
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CIRCUIT COMPONENTS 
UNIT V 



JOB SHEET #7 — TEST AND ACCEPT/REJECT REPLACE COILS 

Equipment and materials needed 
1. Inductance meter 

2- Inductors — Type determined by your instructor 
3. Instruction booklet 
Procedure 

1. Use the instruction booklet to review the operating instiuctions for the induc- 
tance tester. 

2. Follow the operating instructions for use of the inductance tester. 

3. Measure the inductance of the inductor. 

4. Record the value below. 

L = 

5. Make a ringing test on the inductor 

6. Does the inductor meet specifications? . ____ 

7. Repeat Steps 3 through 6 for each inductor being tested, 

8. f Record values below. 

Inductance Ringing Test ^ . 

Inductance . Ringing Test 

Inductance . Ringing Test 

9. Compare the inductance reading with the v aucs of the inductors. 
(NOTE: Show your results to the instructor,) 

10. Return equipment and materials to their proper storage area. 
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CIRCUIT COMPONENTS 
UNIT V 



JOB SHEET #8 — TEST AND ACCEPT/REJECT, REPLACE 

TRANSFORMERS 



Equipment and materials needec' 

1. Miltimeter 

2. Multilead transformer 

3. Six inch strip of masking tape 

4. Pen or pencil 
Procedure 

1. Determine the primary side of the transformer by color code if possible. 

{NOTE: Color code for power transformers is as follows: 

Primary without center tap — Both black 
Primary with center tap — Common = Black 

Tap B Black and yellow 

End = Black and red) 

2. If color coding cannot be read, then tag each lead of the transformers with a 
small piece of tape and latyel tfiem A — Z. 

3- Connect the common lead of the ohmmeter to lead A, and the red lead to B. If the 
ohmmeter indicates low resistance, draw the symbol for an inductor with one 
end as "A" and the other as "B", oi whichever lead Is being tested. 

Example: 




4. Repeat Step #3 for all unidentified leads. 

5. Once ail leads have been Identified, check for any shorts to the core by connect- 
ing the common ohmmeter lead to the core and the red ohmmeter lead to each of 
the other transformer leads. 

(NOTE: If leads cannot be identified, this Indicates an open position.) 

6. Return equipment and materials to their proper storage area. 



CIRCUIT COMPONENTS 
UNIT V 



JOB SHEET #9 — ANALYZE THE EFFECTS OF TEMPERATURE 

ON A THERMISTOR 



Equipment and materials needed 

1. Multimeter 

2. Thermistor (A919a) 

3. Heat source 
Procedure 

1. Connect the thermistor as shown below. 



2. Set the multimeter to read ohms at a range that will show an indication at the 
highest value of the thermistor. 

3. Heat the thermistor and observe the ohmmeter movement. 

4. ;f the ohmmeter does not move as heat is applied or the movement is not 
smooth, replace the thermistor. 

(NOTE: Movement of the ohmmeter is not a reliable lest of a thermistor.) 

5. Return equipment and materials to their proper storage area. 



T 
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CIRCUIT COMPONENTS 
UNIT V 

JOB SHEET #10 - TEST AND ACCEPT/REJECT, REPAIR 

CABLES AND WIRES 

A. Equipment and materials needed 

1. Continuity light 

2. Unshielded cable with an open conductor 

3. Unshielded cable with a short 

4. Soldering iron and solder 

5. Wire strippers 

B. Procc i'jre (cable configuration known) 

1. Start at pin one on the cable connector anr', using the continuity light, check for 
any shorts to other pins. 

2. If any connector pins are shorted, proceed to procedure D. 

3. Repeat Step 1 until all pins have been checked against each other. 

4. Check for continuity from pin one on one end of the cable to the corresponding 
pin on the other end of the cable. 

5. If no continuity is present at one of the points, then proceed to procedure E. 

6. Repeat Steps 3 and 4 for each pin of the the cable. 

C. Procedure (cable configuration unknown) 

1 . On a piece of paper, number from 1 to the number of pins on the connector (1, 2, 
3, . . ., N). 

2. Start at pin one on the cable connector and, using the continuity light, check for 
any shorts to other pins. 

3. If any connector pins are shorted, proceed to procedure D. 

4. Repeat Step 1 until all pins have been checked against each other 

5. Check from pin 1 on end "A" of the cable to pin 1 on end "B" of the cable for con- 
tinuity. If continuity Is present, draw a line across from pin 1 and write the corres- 
ponding pin number from end "B" next to the line. 

6. If no con^nuity is present, move to the next pin on end "B" and repeat Step 5 
until all pins on end "B" have been checked. 



o o 

1> • y '.v 
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JOB SHEET #10 

7. Repeat Steps 5 and 6 tor lach pin on end * A" of the cable. 

8. If a pair of pins indicate no continuity, then proceed to procedure E. 

D. Procedure (short repair) 

1. Visuu-ily inspect both cable connectors for solder bridges. If any exist, remove 
them with the soldering iron. 

2. If no solder bridges are present, disconnect 1 of the cable leads from the connec- 
tor and relest for continuity. If continuity is still present between the two pins on 
the connector, replace the connector. 

3. Separate the two conductors from the rest of the cable. 

4. Pull the two conductors apart until the short is located. 

5. Insulate the shorted area with either electrical tape or shrink tubing. 

6. Reinstall loose conductor to cable connector. 

7. Retest cable to ensure all shorts have been found and repaired. 

E. Procedure (open repair) 

1. Visually inspect the cable connector for any broken connections between the 
connector pin and the conductor. 

2. if the open is caused by a broken connection to the cable connector, resolder the 
connection then retest. 

3. If the connection to the pins of both cable connectors is made and the open still 
exists, then connect the common test lead to the pin. 

4. Using a straight pin. probe the connector from the other end until continuity is 
found. 

(NOTE; Use half the distance between test points to determine the next test 
point.) 

5. Once the open is found in the conductor, strip the insulation back and tin the 
wire. 

6. Place a piece of shrink tubing on one of the conductors to be connected. 

7. Twist and solder the two ends together. 

8. Slide the shrink tubing over the connection and apply heat. 
9 Retest the cable to ensure all repairs have tieen made. 

10. Return equipment and materials to their proper storage ai^ea. 
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CIRCUIT COMPONENTS 
UNIT V 



JOB SHEET #11 - TEST AND ACCEPT/REJECT, REPUVCE 

RELAYS 

Equipment and materials needed 

1. Multimeter 

2. Relay — DPDT 

3. SPST switch 

4. Power supply 

5. Resistor — 10K ohm 

6. Test leads 
Procedure 

1, Construct circuit shown laelow. 

{NOTE: Be sure power supply is turned off and voltage is adjusted to zero.) 




2. Turn on power supply. 

3. Adjust power supply voltage to value specified by instructor. 
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JOB SHEET #11 



4. Measure voltages across the relay terminals while operating the relay until the 
terminals can be Identified and the contacts are determined to be satisfactory or 
defective. 



(NOTE: If assistance Is needed, see your instructor.) 



5. Explain how energizing the relay affected the voltage measurements of the relay 
contacts. 



(NOTE: Check your results with the instructor.) 



6. Return equipment and materials to their proper storage area. 
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CIRCUIT COMPONENTS 
UNIT V 



JOB SH^ZET #12 ~ TEST AND ACCEPT/REJECT, REPtACE 

SOLENOIDS 

Equipment and materials needed 

1. Muitlnneter 
?. Solenoid 

3. Power supply 

4. 10K ohm resistor 

5. Test leads 
Procedure 

1 Set the multimeter to the ohms scale and measure the resistance across the 
solenoid coil. 

(NOTE: Coil resistance should be very low.) 

2. Set the multimeter to the volts scale and measure the power supply voltage. 
Adjust power supply to zero volts. Turn off power supply. 

3. Connect the circuit shown below. 




4. Turn on power supply. 

5. Adjust voltage and observe movement of solenoid shaft. 

6. If solenoid shaft does not movr^. freely replace solenoid. 

7. Return equipment and materials to their proper storage area. 



CIRCUIT COMPONENTS 
UNIT V 



NAME,,. 



TEST 
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1. Match the terms on the nght with tticir correct definitions. 
{NOTE: Answers to questions appear on this page.) 
a. 



d. 



The process by wfuch a battery is dis- 
charged and recharged 

To remove electrical energy from a charc^ed 
body (capacitor or battery) 

A nonrechargeable source ot electrical 
energy produced by chemical action 

A substance which, in solution, is dissoci- 
ated into ions and is capable of conducting 
an electrical current 

A resistor for protectiftg a circuit against an 
overload 

A solenoid which performs a sirnpie func- 
tion, such as opening or closing a switch 

A condition that occurs when a circuit is 
broken (broken wire or open switch) that 
interrupts current flow 

An electrical sv/itch which opens and closes 
a circuit automatically 

A condition that occurs when a circuit 
conies into contact with another part of the 
same circuit, causing a change in either cir- 
cuit resistance or current 

An electrornagr^et consisting of a coil with a 
moveable core: as current flows through the 
coil, the core moves, performing a rnechani- 
cai action 

A mechanical or electrical device which 
breaks or compietes a path for (Meclrical 
current or routes it over a different path 

A temperature compensating resistor where 
the resistance varies with the temperature 



« ' 1 J 4 



1. Thermistor 

2. Fusible resistor 

3. Discharge 

4. Solenoid 

5. Open (open circuit) 

6. Electrolyte 

7. Relay 
a. Dry cell 
9. Switch 

10. Cycling 

11. Short (short circuit) 

12. Magnetic switch 
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iNOTH: Ani>wrr to questions m.-u. appear on this pagr.) 

. . fn. Battery that can not be recharged 

n. Batlpf y th<st can be recharged 

. 0. Most common type of dry ceil: nominai out- 
put voltage is 1.5 volts. 

p. Length of time a component can be stored 

before its oporatincj characteristics start to 
degrade 

. ^ . q. Can provide up to seven times the sen^ice of 
a carbon^zinc cell; output voltage is 1.5 
volts; can be either primary or secondary 

cell- 

. r. Has high output voltage. Jong shelf life, low 
weight, and small volume; output voltage is 
either ^v or 3.7v, depending on the electro- 
lyte; si ielf life is ten years or more. 

s. Most commonly used tor automobile bat^ 

tery; nominal output voltage is 2.1 volts; can 
be constructed in combinations of three (6 
volt) or six (12 volt) batteries; lead acid is a 
secondary cell and can be recharged 

.1. A condition whicfi results in a complete 

path for current to follow 

u. A group of cells connircted on a series or 
parallel circuit 



13. Pnn?ary eel! 

14. Secondary cei\ 

15. Continuity 

16. Lithium cell 

17. Shelf life 

18. Lead-acid wet test 

19. Battery 

20 Carbon^zinn ury cell 

21- Alkaline cell 



SeU?ct from the following list equipment used in measuring circuit corr>ponents by plac- 
ing an **X" in the blanks next to the correct equipment. 

a Rheostat 

b. Voltmeter 

c. Continuity hght 

ri. Ohmmeter 
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TEST 



ikuTipirte Ihr fol!ov^M^q of st:Uornen!s related to sensory factors ifi troubleshooting 
circuit c<^rn{ont*nts by )nst>rtino thn word{5;^ which best compk)te(s) each statemont. 

a. I <H>k for and riiscolorpd. swollen, or burnt components. 

h. Chock tor components. 

c. Chock cumponont for the smoi! of burnt wax or plastic. This indicates it has 



(i. I nstrn for a or sounci. Jh\s may either bo a resis- 

tor tnjrnirm out or <i Cr?p<v::itnr shortmg out. 

(NOTE: If the folio, viny activities tuwe not been accomplished prior to the test, ask your 
instructor when they i>houid be completed.) 

A PpmonstTate the at)Hlty \o. 

a. Test nnd accept/reject. replace cells. {Job Sheet #1) 

h. Test ariU accept'reject. replace larnpii. (Job Sheet #2) 

c. Tpst ami ih vt?pt/fpject. replace switches, (Job Street #3) 

d Te.st anti Hccept/re}ec!. replace resistors. (Job Sheet #4) 

e. Tofit afui acct^pt/r(^j(M-t, ref}lcice fuses and circuit tjreakers. (Job Sheet #5) 

f Test and ac.cept/reject. replace capacitors. (Job ^heet #6) 

test and accept/reject, replace f;oi)s. (Job Sh(?c?t #7) 

h Tfrst and accppt^rejt^ct. replace transfor niers. (Job Street #B) 

i. Analyze the* effects of the temperature Of^ a Itiormistor. (Job Sheet #9) 
J. Test and accept.^reject, repair cables and wires. (Jot:) Sheet #10) 

k Test and acicepit/rejert, replace relays, (Job Sheet #^ 

I. JvyA and acceperojoct, replace solenoids. (Job Sheet #12> 
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UNIT V 



ANSWERS TO TEST 



f. 



c. 



b. 



10 

3 

8 

6 

2 

V2 



k. 



9- 



11 

4 

9 



P- 



r. 



o. 



13 
14 
20 
17 
21 
1fi 



s. 



u. 



18 
15 
19 



b. c. d. f 

a. Smoke 
b Hot 

c. Overheated 

d. Hissing. si?.T!ing 

Performance skills evaluated to the satisfaction at the instructor. 




BASIC POWER SUPPLIES 

UNIT Vi 



UNIT OBJECTIVE 

After ^ ompletlon of this unit, the student should be able to construct basic power supplies, 
test basic power supplies, and use an ohmmeter to determine the anode and cathode of 
diodes. Competencies will be demonstrated by correctly performing the procedures outlined 
In ihe job sheets and by scoring a minimum of 85 percent on the unit test. 

SPECIFIC OBJECTIVES 

After completion of this unit, the student should be able to: 

1 Match terms related to basic power supplies with their correct definitions. 

Z Sketch a P^N junction and label the P material, the N material, the depletion 
region, and the barrier potential showing voltage ranges for the silicon and germa- 
nium diodes, 

3. Describe biasing effects on the P-N junction. 

4. Draw and label the schematic symbol for a diode. 

5. List three reasons for diode failure. 

6. Match output waveforms with their correct circuits. 

7. Match power supply components with their correct applications, 

8. Match basic powt?f supply functions with their correct descriptions. 

9. Identify voltage regulator circuit schematics. 

10> Complete a list of statements concerning troubleshooting the basic power supply. 



OBJECTIVE SHEET 



Demonstrate the ability to; 

a. Use an ohmmeter to determine the anode and cathode of diodes. (Job 
Sheet #1) 

b. Check transistors for proper operation. (Job sheet #2) 

c. Construct and test a half-wave rectifier circuit. (Job Sheet #3) 

d. Construct and test a full-wave bridge rectifier circuit. (Job Sheet #4) 

e. Construct and test a capacitor filter circuit. (Job Sheet #5) 

f. (instruct and test a Pi-section filter circuit. (Job Sheet #6) 
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BASIC POWER SUPPLIES 
UNIT VI 

SUGGESTED ACTIVITIES 

A. Obtain additional materials and/or invito rfyource people to class to supplement/rein- 
force information provided in this unit of instruction. 

(NOTE: Th'3 activity stiould be completed prior to the teaching of this unit.) 

B. Make transparencies from the transparency masters included with this unit. 

C. Provide students with objective sheet. 

D. Discuss unit and specific objectives. 

E. Provide students with information sheet. 

F. Discuss information sheet. 

(NOTE; Llse the transparencies to enhance ttie ipforrnation as needed.) 

G. Provide students with job sheets. 

H. Discuss and demonstrate the procedures outlined in the job sheets. 

I. Integrate the following activities throughout the teaching of this unit: 

1. Show various power supply configurations of rectifiers, filters, etc. to students. 

2. Have students identify types of power supplies in several different pieces of equip- 
ment. 

3. Have students troubleshoot defective power supplies. 

4. Meet individually with students to evaluate their progress through this unit of 
instruction, and indicate to thern possible areas for improvement. 

J. Give test. 

K. Evaluate test. 

L, Reteach if necessary. 

INSTRUCTIONAL MATERIALS INCLUDED IN THIS UNIT 

A. Objective sheet 

B. Suggested activities 
C Information sheet 
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INSTRUCTIONAL MATERIALS INCLUDED IN THIS UNIT 

D. T?an&parency masteis 

1. TM 1 Biasing Effects on the P^N Junction 

2 TM 2 ~ Half-Wave Rectifier Circuits 

3. 1M 3 - Fuii-Wave Recttfter 

4. LM 4 Full-Wave Bridge Rectifier 

5. TM 5 Silicon ContiOlled Rectifier 

6 TM 6 ~ Triac Controiled Pov^er ^Supp^y 

7, TM / - Simple Regulated Power Supply 

8. TM S — Regulated Power Supply Eilock Diagram 

E. Job sheets 

1. Jot) Sheet #1 • Use an Ohmmeter to Doterrnine the Anode and Cathode ot Diodei^ 

2. Job Sheet #2 — Check Transistors for Proper Operation 

3. Job Sheet #3 Construct and Tef^t a Half-Wave Rectifier Crcuit 

4 Job Sheet #4 Construct and Test a Full-Wave Bridge Rectifier Circuit 
5- Job Sheet #6 — Construct anci "^esl a Capacitor ^"i!1er Circuit 
f). Jc^b Sheet #6 - Cor^slruct and Test a Pi-Sec(ion Filter Circuit 
F Tost 

G, Answeis to test 

REFERENCES USED IN DEVELOPING THIS UNIT 

(NOTE. The toHowing is a list of references used in completing this unit.) 

A. Grob. Bernard, AppUcaVon of ElvctronfCi^, New Yoik* M( G^iyv-Hil! Book Compauy^ 

B Harwick. Jim, General Industrial rfocfronics. Stillwater. OK: Oklahoma Curnculufn und 
Instructional Materials Center, 1984. 

C. Introdijctian to Power Supphvs Barnnqton. 11: TPC Trainina Systems. Division of Tech 
nical Publishing Company ^9^/. 

D. Robertson. L. Paul. Basw Electrorvc^ I (Rvv^std Ldtiioni Stillv./ater. OK: Mid-Anjoricti 
Vocational Curnculum Consortium. 198? 

F Shrader Robert L. tlectror)fc Communicatiomy, ThinJ tclilion New York Mr.Graw-Hil! 
Book Company 1975. 
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INFORMATION SHEET 



Terms and definitions 

A. Bleeder resistor — Resistor connected across filter capacitors to drain 
charge when circuit power is turned off 

(CAUTION: Large capacitors may store a charge sufficient enougfi to result 
in injury or death if contacted accidentally. Bleeder resistors reduce this 
hazard, but they may not always be present or may not be functtonal.) 

(NOTE: Technicians should checH. or bleed large capacitors properly before 
wori<;lr g near them. Review the unit on capacitors for proper procedures to 

use when discharging large capacitors.) 

B. Chol<e — Inductor used in a DC power supply to reduce ripple at the output 

C. Power supply ~ Circuit or device that provides a specific electricai output 
by transforming a different electrical input or converting other forms of 
energy 

Examples: Battery, electrical generator, AC to DC converter 

{NOTE: A battery converts chemical energy to electrical energy. A generator 
converts mechanical energy to electrical energy. An AC to DC converter 
transforms AC power to DC power.) 

D. Regulator — Circuit or device that serves to keep voltage or current output 
at a constant level 

E. Ripple — Low-ampHtude variation of DC power; usually results from insuffi- 
cient filtering of rectified AC 

F. Series regulator - Controller placed in line with the load: controls by vary- 
ing resistance to tfte load current 

Example; 01 of Transparer?cy 7 

H. Shunt regulator — Controller placed in parallel to the load; bypasses exces- 
sive current and varies total current througfi a series resistance to control 
output voltage 
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Depletion or barrier region of a P^N junction and the barrier potential 

A. Silicon diode barrier potential - 0.6 to 0.7 volts 

D. Germaniun; diodr barrfcr poti^ntia! 0.2 to 0 3 volts 

Barrier Potential 



i Silicon 0,6 to 07. Volt 
Germaniunn 0.2 to 0.3 Volt 

1 



1^ - T p f f f f 4 



' Depletion Region 
Biasing effects on the P N junction (Trafisparency 1) 

A, Forward bias - Positive potential is connected to the P Ivpc material 
allowing current to flow 

B. Reverse bias Positive potential is connected to the N-type material 
restricting current flow 

Diofje schematic symbols 

A. Anode + P-section 

B. Cathode - N- sec! ion 

C. Symbol 



Anode ^ 



1/ 




Cathode 



(NOTE. The arrow pouitf. to the N type material ) 
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Reasons for diode failure 

(NOTE: The reasons for diode failure listed here are given in the approximate order 
of frequency of occurrence, beginning with the most common reason.) 

A. Heat 

Examples: Failing to use heat sink when soldering or unsoldering leads; 

restricted air flow in equipment cabinets due to clogged air 
scneens or defective cooling fans; using too large soldering 
iron when installing or renrraving diodes 

(NOTE: Stud-mounted diodes are often supplied with an insulating washer 
to be used when it is necessary to electrically insulate them from the chas- 
sis. This washer also restricts heat transfer and should not be used unless 
it is necessary. Silicon grease aids in heat transfer whether the if sulating 
washer is used or not, Silicon grease also prevents corrosion ano ensures 
electrical contact.) 

B. Shock/stress 

Examples: Dropping components onto hard surfaces; cutting component 
leads with cutters that cause a sharp snap of the leads; jarring 
printed circuit boards; using excessive pressure on stud- 
mounted diodes; contraction and expansion due to tempera- 
ture extremes, particularly where axiaMead diodes are 
installed with the leads directly t>etween terminal points with 
no bends; flexing or bending of printed circuit Ijoards 

C. Excessive current 

Examples: High-voltage spikes created by lightning; surges in the power 
distribution system; poor electrical connections; installation 
in reverse 

Rectifier circuits and output waveforms 

A. Half-wave (Transparency 2) 

B. Full-wave (Transparency 3) 

C. Full-wave rectifier bridge (Transparency 4) 

D. Silicon controlled rectifier (SCR) (Transparency 5) 

tNOTE: SCRs may t^e used in fulNwave bridge rectifiers where they serve the 
dual purpose of rectifying and regulating.) 
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E. Triac (Transparency 6) 

(NOTE: Traic may bs used to regulate the AC power input to control the DC 
power output of a power supply. It is important to note that the power is not 
wasted even when a waveform is half-wave or chopped. That portion of 
power excluded is merely rejected as if the power switch were turned off for 
that instant- Thus the actual power out of a half-wave rectifi^^r is not one- 
hatf of the power in. Except for transformer losses and diode leakage cur^ 
rent, all of the diode circuits shown in this objective output the same power 
as is input. No significant power is lost: it is merely rejected. For this rea^ 
son, diode. SCR, and Triac circuits are far more efficient than rheostats for 
controlling power.) 

Power suppiy components and their applications (Transparency 7) 

A. Transformer 

1. Used to step AC voltages up or down 

2. May be used for isolation 

3. May have multiple taps for varying output voltago 

4. Required with centeMappcd output for some types of rectifier cir- 
cuits 

B. Diode 

1 Used for rectification of AC <solid stcite device) 

2. Used for reference voUage or fegi)!ation (Zer jeri 

3. Used as a controliabie rectifier and frequently as a swjtch (SCR) 

4. Used to vary AC voltage levels by switching ou and off iTnac) 
C Capacitor Used to filter pulsating DC 

D. Inductor - Used to filter puisating Dt 
H. Transistor 

1, Ust^'d as acuvt? ut^ntrtH vienifMit u ^^'':uiate voiiagf:' o? currcni 

2. Used as comparator of output and fcference 
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Basic power supply functions and their descriptions (Transparencies 7 and 8) 

A. Sample - Component of elements of a power supply that measure portion 
of supply voltage as feedback for controMing circuitry 

(NOTE: The sample is usually a voltage-divider network.) 

Examples: R;>, R^^ and R4 of Transparency 7 

B. Reference - Component or elements of a power supply that maintain con- 
stant voltage for the purpose of comparison by controlling circuitry 

{NOTE: The reference element is usually a Zener diode but could be an inte- 
grated circuit,) 

Example: C^^ of Transparency 7 

C. Comparator — Component or elements of a power supply that monitor volt- 
ages to detect error and r toduce a correction voltage for compensating cir- 
cuitry 

Example: Q;^ of Transparency 7 

D. Error amplifier — Circuitry or components of a power supply that boost the 
error detected correction voltage to a power level sufficient to operate the 
compensating circuitry 

h sample: of Transparency 7 

E Contro) circuitry — Components of a power supply that actually control the 
supply output 

Exaniple: of Transparency 7 

R Kilter - Compofient or elements of a power supply that reduce npple and 
noise 

Examples. Ci of Transparency 7 

G. Rectifier - Circuitry or element of a p >wer supply that transforms AC to 
pulsating DC 

Examples* 0^,, Cn.. Cr.,. and Cn^ of Transparency 7 
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H. Transformer — Circuitry or component of a power supply that changes the 
voltage level 

Example: T, of Transparency 7 

{NOTE: Transformers function as modifiers for AC, while simple resistor 
networks can suffice for DC voltage reduction. SCRs can modify AC voltage 
in conjunction with filtering.) 

I. Adjust circuitry — Components of a power supply that allow for changing 
the output 

Example: R3 of Transparency 7 
Voltage reguiator circuit schematics 

A, Zener diode shunt reguiator 

(NOTE: The Zener diode operates in the reverse-bias mode.) 




B. Transistor shunt regulator 




(NOTE: In this instance CR, is acting as a voltage reference to bias Qi base 
current.) 
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C. Transistor series rryulntof 

Example: Qt of Tran*^par('^fH:v / 

(NOTE: When the voitaae output ciocrraso; the voitape drop across 
decreases, so less current flows throupfi CR,. Thus, less voltage is applied 
to the base of causing less ronductton. This increases the voltage at 
the t)ase of Q, and allows niorr ciirrent flow through Q,, adjusting the out- 
put to the load.) 




Thyristor rokiiiiator 
Examples. SCR and Iriac 




Gate? Controi 



(NOTE: Cfv.. and C, , atv SCF^ (IkmIh^, ) 
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Troubleshooting the basic power supply 

A. Disconnect load from power supply and check to sop if problem still exists. 

B. Check filtering capacitors tor charging. 

(NOTE: If charging is not present, disconnect one lead of the capacitor and 
recheck for charging. If shorted, replace the capacitor.) 

C. Check rectifier diodes for proper operation. 

D. Check all resistors for proper value. 

E. Check transistors for proper operation. 

(NOTE: If all components check "OK" then disconnect the rcctlfif r from the 
transformer and turn power on. If AC voltage is not present on the second- 
ary, replace the transformer.) 



Biasing Effects on the P~N Junction 




p-Material 



Unbiased 



Holes Excess 



Electrons 




n-Material 



Depletion Region 




pn Junction 



Narrow Potential 
Barrier 



+ Positive 



Forward 12}1^ 



Bias 



Electron 
Flow 




Negative 
Voltage 



Wide Potential 
Barrier 



- Negative^ 

Reverse ^^'^^9^ 
Bias 




-^ Positive 
Voltage 



Half-Wave Rectifier Circuits 



- Input Voltage 



Load Resistor 



Output Voltage- 
> — ^ # 



Load Resistor 



"~ Input Voltage 



Output Voltage 



• 





112 



DC 

Output 



(Note: If diodes Di and D2 were 
reversed, the output voltage 
would be reversed.) 





Bridge Rectifier 




(NOTE: If each diode were 
reversed, the output voltage 
would be reversed.) 




Silicon Controlled Rectifier 




Filter 



Gate Control 



+ 

■o 



Voltage- 
Controlled 
Oscillator 



Regulated 
DC 
Output 



Chopped 
Output 

i i 1 1 1 

Gate Input 



Gate Control 



Triac Controlled Power Supply 




Filter 



Gate Control 



Voltage- 
Controlled 
Oscillator 



+ 

o 

Regulated 
DC 
Output 

o 



Chopped 
Output 

1 - i 

L L 1 _ 

Gate Input 



Gate Control 



Simple Regulated Power Supply 





Regulated Power Supply Block Diagram 



120 to 125 
VAC rms 
60 Hz 



4 8 to 50 VD C 

ov — 



40 VDC 



60 Hz 
48 to 50 
VAC rms 




Trans- 
former 



OV 



48 to 50 V 
Pulsating DC rms 
120 Hz 



Rectifier 



Filter 




Control 
Circuitry 



Error 
Amplifier 



i 



Reference 









Sample 


Compa- 




and 


rator 




Adjust 




<: 


Circuitry 
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BASIC POWER SUPPLIES 
UNIT VI 



JOB SHEET #1 — USE AN OHMMETER TO DETERMINE 
THE ANODE AND CATHODE OF DIODES 

Equipment and materials needt^l 

1. Multimeter 

2. Several diodes, taped to cover any indication of which end is the cathode or 
anode 

(NOTE. Diodes wiii be furnished by ir^slructuf v^ith bias specifications.) 
Procedure 

(NOTE: Determine the positive and negative polarity of the meter ^eads.) 

1. Set meter controls to measure ohms. 

2. Connect the leads across e.ich diode, first m one direction, and then m the other, 

(NOTE; Recall that the cathode accepts electron flow, and in the fot^ard-^biased 
direction, the cathode connects to the negative. Use this characteristic to deter 
mine which ends of the components are the cathodes.) 

3. Align diodes on workbench with cathodes all pointing away from you. 
(NOTE: Discuss your results with your instructor) 

4. Disconnect ohrnmeter 

5. Return equipment and materials to thoir propef stonujv area. 
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BASIC POWER SUPPLIES 
UNIT VI 



JOB SHEET #2 - CHECK TRANSISTORS FOR PROPER OPERATION 




A. Equipment and materials needed 

1. Multimeter 

2. 2N3904 transistor 

3. IKOV4W resistor 

4. IOOQV4 resistor 

5. 22KnV4 resistor 

6. 2.2KnV4 resistor 

7. 9-volt power supply 

8. Protoboard and hookup wire (or equivalent) 

B. Procedure 

1 . Connect the following circuit: 



+ 9VDC 



Rl » 22Ka 



R2 = 2.2K0 



Re « 100Q 




if 



o 
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Turn the power on. 

Measure the base-to-nmittor iVpr) voltage as shown bekw. 




{NOTE: if Vre is zero, the base-emitter junction is ahort-circuited. If Vgf is 0.8V or 
higher the junction is probably open.) 

Measure the voltage across the load resistor. 

{NOTE: If the voltage drop across RL is zero, then the cu- r.ii y^w. This may 
Indicate an opening in the transistor. If there is an excess- volUiQc drop across 
RL, short-circuit the base-to-ennitter voltage and retreasur- V;, . \i \ue voltage is 
still excessive, the transistor collector is probably shori-cir ;iiti;tl. 

Return equipment and materials to the»» nroper storage are 
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BASIC POWER SUPPLIES 
UNIT VI 




JOB SHEET #3 — CONSTRUCT AND TEST A HALF WAVE 

RECTIFIER CIRCUIT 

A. Equipment and materials needed 

1. Low power filament transformer (120V Primary) 

2. Silicon diode. 1N^'004 or equivalent 

3. 6800 Ohm, V? V^tt resistors 

4. Multimeter 
6. Oscilloscope 
6. Graph paper 

B, Procedure 

{CAUTION: Dangerous voltage levels are present during this procedure. Check with 
your instructor regarding safety procedures.) 

Connect the multimeter {set for AC) to secondary of the filament transTOrmer. 

2. Plug the filament transformer into the line voltage and measure the secondary 
voltage at points A and B. 

3. Turn off the power. 

4. Connect the following circuit to the secondary of the filament transformer. 



AC 

Line 



O 



Filament ^ 
Transformer 



Sec. Voltage 



B 



C 



o 
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5. 

6, 

7. 

a 

9. 
10. 



Turn the power on. 

Measure the voltage t)etween points A and B and record this below as the AC 
input voltage. 

Measure and record the DC output voltage betwreen points B and C with the mul- 



Using the oscilloscope, observe and make a scale drawing below of the AC Input 
voltage (A to B) and the DC output voltage (C to B). 

Calculate the average DC output voltage and compare it to the measured DC out- 
put voltage. 

Have your instructor check your calculations and drawing. 



DATA: 



Measured voltage A to B 



Vf^s (Input) 



Measured voltage B to C 



VrmB (Output) 



Calculated output voltage „ 



V, 



Return equipment and materials to proper storage area. 
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UNIT VI 



JOB SHEET #4 - CONSTRUCT AND TEST A FULL-WAVE 
BRIDGE RECTIFIER CIRCUIT 

Equipment and materials needed 

1. Filament transformer (110V primary, 12V secondary) 

2. Four silicon diodes 1N4004 or equivalent 

3. 10K, 1W resistor 

4. Multimeter 

5. Oscilloscope 

6. Graph paper 
Procedure 

(CAUTION: Dan{ferous voltage levels are present during this procedure. Avoid shock 
hazards.) 

1. Constiuct the circuit shown below but do not connect power at this time. 



AC Line 




Filament 
Transformer 



10K 



3. 
4. 



Adjust the multimeter for the proper AC voltage scale. 
(NOTE: Have your instructor check your circuit.) 

Connect the multimeter across the secondary of the power tran";formGr. 
Apply power to the circuit. 



t5 I 
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5. Read and record the DC voltage across the 10K load resistor 

6. Connect an osctlioscope across the filament transformer secondary and observe 
and sketch the waveform. 

7. Connect an oscilloscope across the 10K load resistor and observe and sketch 
the waveform. 

8. Calculate the average DC output voUage and compare with the measured DC 
output voltage. 

9. Have your instructor check your calculations and sketch. 



DATA: 

Measured voltage A to B y,^^^ 

Measured voltage B to C V^,,, 

Calculated output voltage V„(. 
10. Return equipment and materials to proper storage. 
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UNIT VI 



JOB SHEET #5 - CONSTRUCT AND TEST A CAPACITOR 

FILTER CIRCUIT 

Equipment and materials needed 
1 Low power filament transformer (120V primary) 

2. Four^sHicon diores 1N4004 or equivalent 

3. One-IOK, V2 watt resistor. One-1 K, V? watt resistor, one-20 capacitor, 25 WVoc 
or greater 

4. Multimeter 

5. Oscilloscope 

6. Graph paper 
Procedure 

(CAUTION: Dangerous ventage levels are present during this proo^dure. Avoid shock 
hazards.) 

1. Construct the circuit shown below but do not connect power at this time. 
(NOTE: Do not connect the capacitor at point A and B at this time.) 




2. Adjust the scale for the proper AC voltage reading. 



(NOTE: Have your instructor check your circuit.) 

3. Connect the multimeter across the secondary of the filament transformer. 

4. Turn on the power supply. 
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5. Read and record the DC voltage across the load resistor. 

6. Connect an oscilloscope across the load resistor, observe and sketch the wave 
form 

7. Turn off the power. 

B, Connect the 20 /iF capacitor at points A and B. 

(NOTE: Observe the polarity of the capacitor, incorrect installation may damage 
the compo.nent.) 

9. Re{:- >at Steps 2 through 7. 

10. Replace the 10K load resistor with the 1K load resistor and repeat Steps 5 
through 9. 

11. Compare the wave shapes and DC voltage levels of the filter and a 10K load resis- 
tor With the filter and a IK load resistor. 

12. Using the output voltage measured with the 10K loafT resistor as no-load voltage 
and the output voltage measured with the IK resistor as full-load, compute per- 
cent voltage regulation on the table belo v. 

% Reg. = '^^J9®^.-.J9^-d 
No load 



DATA 








% Reg 


No filter 










With filter 











13. Have your Instructor check your calculations and sketches. 

14. Return equipment and materials to their proper storage area. 



o 
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UNIT VI 



JOB SHEET #6 - CONSTRUCT AND TEST A PI-SECTION 

FILTER CIRCUIT 

Equipment and materials needed 



1. 


Low power filament transformer (120V primary) 


2. 


Four-silicon diodes 1N4(X)4 or equivalent 


3. 


10K, Vz watt resistor 


4. 


1K, % watt resistor 


5. 


270 ohm resistor 


6. 


Two-20 nF capacitors 2SV/Vdc o; greater 


7. 


Multimeter 


a 


Oscilloscope 


9. 


Graph paper 



Procedure 

1 Connect the circuit shown telow but do not apply power at this time. 

(NOTE: Do not connect the Pi-section filter network at point A and B at this time.) 




410 

JOB SHEET #6 

2. Turn on power supply. 

(NOTE: Have your instructor check your circuit.) 

3. Read and record the DC voltage across the load resistor. 

4. Connect an oscilloscope across the load resistor; observe and sketch the wave 
form. 

5. Turn off the power. 

6. Connect the Pi-section at points ^ and B. 

(NOTE: Observe polarity of the capacitors. Incorrect installation will cause dam- 
age to the component.) 

7. Turn on the power. 

8. Repeat Steps 3 through 5. 

9. Replace the lOK load resistor with a 1 K load resistor and repeat Steps 3 through 

10. Compare the wave shapes and DC voltage levels of the Pi-section filter and the 
10K load resistor with the Pi-section filter and the IK resistor. 

11. Using the output voltage measured with the 10K load resistor as no-load voltage 
and the output voltage measured with the IK resistor as full-load, compute per- 
cent voltage regulation on the table below. 

% Reg. = No l^ad^oad ^ 



DATA 






% Reg. 


No filter 








With filter 









12. Check your calculations and your sketches with your instructor. 

13. Return equipment and materials to theit proper storage area. 
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NAME 



TEST 



Match the terms on the right with their correct definitions. 



-8. Circuit or device ihat provides a specific 
electrical output by transforming a different 
electrical input or converting other forms of 
energy 

_b. Low-amplitude variation of DC power; usu- 
ally results from insufficient filtering of recti- 
fied AC 

X. Circuit or device that serves to keep voltage 
or current output at a constant level 

,d. Inductor used in a DC power supply to 
reduce ripple at the output 

Resistor co.ir teemed across filter capacitors 
to drain cnaf ge when circuit power is turned 
off 

Controller placed in parallel to the load; 
bypasses excessive current and varies total 
current through a series resistance to con- 
trol output voltage 

.g. Controller placed in line with the load; con- 
trols by varying resistance to the load cur- 
rent 



e. 



,f. 



1. Series regulator 

2. Choke 

3. Ripple 

4. Shunt regulator 

5. Power supply 

6. Regulator 

7. Bleeder resistor 



TEST 



Sketch a P-N junction, and label the P material, ihe N rnatorial. the depletion recjion. and 
the barrier potential showing voltage ranpc^s for the silicon and yernianium dfodt\s 



Describe biasing effects on the P-N junction, 
a. Forward bias — „ _ 



b. Reverse bias — 



Draw and label the schematic symbol for a diode. 
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TEST 



1>. 



List throe reast)ris lor tliodc !;5(huf' 

n, 

b, ... ,. . 

c. . 

Match output wavi'lonns on Hu'-t vvl?: !h' >' 

a. sen 



AC 




b. SUS 



CU- ^ 




^ 1 » 



f .'.5 



( , ■(!(■ 



{■. Full-vvave bridop 



O 



O - 




A 



! / 
i I 



.A. 



. j . ...J 
j 

K^:)h^ input 
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TEST 



Half-wave 



4, Chopped output 




Input 



AAAA 



I I I I I 

Gate Input 



Fuli-wavo 




Input 



5. Output 



\r\ A 



Match power supply components on the right with their correct applications. 

ansvvor'r^^''^ "^^^^ ^^^"^^ '^'''"'"'^^ "^^^ contain more than 



a. Used to step AC voltage up or dowJi 

-b- Used for reference voltage or regulation 

(Zener) 

- -" f'- Used as comparator of output and reference 

d. May bo used for isolation 

- o. Used to filter pulsating DC 

Usf?<^ vary AC voltage levels by nwilchinQ 
on and off (Triac) 

g. Used as active control element to regulate 

voltage or current 

h. Required with centei tapped output for 

some types of rectifier circuits 



1. Diode 

2- Capacitor 

3. Transformer 

4. Transistor 

5. inductor 



TEST 



May have muitipie taps for varyinc] output 
voltage 

Used tor rectification of (tioiid'?itate 
device) 

Used as a controiiable rectifier and frc 
quently as a switch (SCR) 



Match basic pov^er supply functions on the right with their correct descriptions. 

1. Sample 
2 Reference 



Component or elements of a power supply 
that monitor voltages to detect error and 
produce a correction voltage for compensat- 
ing circuitry 



_b. Component or elements of a power supply 
that reduce ripple and noise 

_ c. Components of a power supply rhat allow 
for changing the output 

_d. Circuitry or element of a power supply that 
transforms AC to pulsating DC 

. 0, Component or elements of a powc^r supply 
that measure portion of supply voltaqe as 
feedback for controlling circuitry 

f. Circuitry or component of a power supply 
that changes th'^ voltage level 

_g. Components of a power supply that actually 
control th^ supply output 

_h. Components or elements of a power supply 
that maintain co»istant voltage for the pur 
pose of comparison by controlling circuitry 

_ i. Circuitry or components of a power supply 
that boost the error-detected correction volt- 
age to a power level sufficient to c^perate the 
compensating circuitry 



3 Comparator 

4. Error amplifier 

ft. Controi cirt^uiffy 

6. Filter 

7 Rectifier 

8. Irannformp^ 

9, Ac^just cifcuitu' 



TEST 



kimtify voltcuif fftUiiatu? oifcuit schO'TiatfCi.. Wntt^ thr cofftn t na:iios in the Munki 



AC 

Input \^ 
CR3 

V CR4 



o- 



Filtoi 



Gate Control 



I Voltage- 
jControilcd 
j Oscillator 



Regulated 
DC 
Output 



Gwitf' Ccvntroi 



TEST 



+ 

O — 



R1 



Input 



V 



•o 



Output 



R2 



Input 



- o — 




'I 



' ] Output 



< 



1) Zener diode shunt requUnoj 

2) Transistor shunt f emulator 



4^ IhvTistor fCM^uU'itor 



Complete the following list of statPinfMits ooftcernifni Uoublosboolir i thr basic pownr 
supply by inserting the word(B) which hpst f .oniplotof^ ench stairnKHit 



a. Disconnect 



b. 
c. 
d. 



Check 
Check 



from [>f?wwr siipply :u)d chor k to ser it problrrn stili 



fur cfiarfjif^q 



^■'f ^r/t'f OfM" rMt!/ 



Check all resistors for prcjv^r 

Check ^or propnr nppr.Uion 
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TEST 

(NOTE: If the following activities have not been accomplished prior tj the test, ask your 
Instructor when they should be completed.) 

11. Demonstrate the ability to: 

a. Use an ohmmeter to determine the anode and cathode of diodes. (Job Sheet #1) 

b. Check transistors for proper operation. (Job Sheet #2) 

c. Construct and test a half-wave rectifier circuit. (Job Sheet #3) 

d. Construct and test a ful'-wave bridge rectifier circuit. (Job Sheet #4) 

e. Construct and test a capacitor filter circuit. (Job Sheet #5) 

f. Construct and test a Pi-section filter circuit. (Job Sheet #6) 
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ANSWERS TO TEST 



b 
3 
6 
2 



t 

(J 



4 
1 



N 



Barrier Potential 
Silicon 0.6 to 07. Volt 
Germanium 0.2 to 0.3 Volt 

"7 

t -h i f 4 f i 
^ 4 

P 4- 4 4 . „ . 

a- 4 -h f 



Depletion Region 



Forward bias — Positive potential is connected to the P-type material allowing 
current to flow 

Reverse biab — Positive potential is connected to the N^type material restricting 
current flow 



Anode + 




Cathode 



Heat 

Shock/stress 
Excessive current 

4 

2 

1 or 3 

^•^ 

1 or 3 
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ANSWERS TO TEST 



a. 
b, 
c. 



3 
1 
4 



d. 
e. 



3 

2.5 
1 



9. 
h. 

I, 



4 
3 
3 



a. 
b. 
c. 
d. 
e. 



3 
6 
9 

-? 
I 



f. 

g- 

h. 
j. 



8 
5 
2 
4 



9. a. Thyristor regulator 

b. Transistor series regulator 

c. Transistor shunt regulator 

d. Zener diode shunt regulator 

10. a. Lead 

b. Filtering capacitors 

c. Rectifier diodes 

d. Value 

e. Transistors 

1 J. Performance skills evaluated to the satisfaction of the instructor 
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SEMICONDUCTOR DEVICb'S 

UNIT Vii 



UNIT OBJECTIVE 

After completion of this unit, the student should be able to use an ohmnneter to test for defec- 
tive diodes and test and accept/reject, replace semiconductor devices. Competencies vwill t>e 
demonstrated by correctly performing the procedures outlined in the Job sheets and by scor- 
ing a minimum of 86 percent on the unit test. 

SPECIFIC OBJECTIVES 

After completion of this unit, the student should be able to: 

1. Match terms related to semiconductor devices with their correct definitions. 

2. Indicate the direction of current flow in transistors. 

3. Select from a list characteristics of transistor emitters, t)ases, and collectors. 

4. Identify the emitter, base, and collector of various transistors. 

5. DistiHsjuish t)etween characteristics of bipolar transistors and field-effect transis- 
tors. 

6. Match special semiconductor devices with their con-ect applications. 

7. Label features of a typical dual in-line package integrated circuit. 

8. Label the number-one pin on Integrated circuits. 

9. List advantages of integrated circuits as compared to discrete components In 
equivalent circuitry. 

10. Complete a list of guidelines to follow when working with integrated circuits. 



OBJECTIVE SHEET 



Demonstrate the ability to: 

a. Perform ^ static test of semiconductor diodes. (Job Sheet #1) 

b. Test and accept/re}ect, replace light sensitive devices. (Job Sh^t #2) 

c. Test transistors. (Job Sheet #3) 

d. Test and accept/reject, replace silicon-controlled rectifiers. (Job Sheet #4) 
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SEMICONDUCTOR DEVICES 
UNIT VII 

SUGGESTED ACTIVITIES 

A. Obtain additiofial malertafs and/o? invite resource people to class to supplement/rein 
force information provided in this unit of instruction. 

(NOTE: This activity should be completed prior to the teaching of this unit.) 

B. Make transparencies from the transparency masters included with this unit. 
C Provr/e students with objective sheet, 

D. Discuss unit and specific objectives. 

E, Provide students with information sheet. 
F Discuss information sheet. 

(NOTE: Use the transparencies to enhance the information as needed.) 

G, Provide students with job sheets. 

H. Discuss and demc^nstrate the procedures outlined in the job sheets. 
K integrate the following activities throughout the teaching of this unit: 

1. Demont;itrate the proper way to test transistors. 

2, Demonstrate the proper way to handle integrated circuits. 

3 Usf? -^n oscilloscope to demonstrate the output Wuvcform of the SCR, UJT and 

Triac. 

4, K .^t individually with students to evaluate their progress through this unit of 
instruction, and indicate to them possible areas for improvement. 

J, Give test, 

K. Evaluate test. 

L. Reteach if necessary, 

INSTRUCTIONAL MATERIALS INCLUDED IN THIS UNIT 

A. Objective sheet 

8. Suggested activities 

C. Information sheet 
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INSTRUCTIONAL MATERIALS INCLUDED IN THIS UNIT 

D. Transparency masters 



1. 


TM 1 - 


PNP Transistor Majority Current Carriers 




TV) 2 


Various Transistor Cases 


3. 


TM 3 — 


Special Semiconductot Devices 


4. 


TM 4 - 


Special Semiconductor Devices (Continued) 


5. 


TM 5 — 


Features of a Typical Dual In-line Package Integrated Circuit 


Job sheets 





1. Job Sheet #1 — Perlorm a Static Test of Semiconductor Diodes 

2. Job Sheet #2 — Test and Accept/Reject. Replace Light Sensitive Devices 

3. Job Sheet #3 — Test Transistors 

4. Job Sheet #4 — Test and Accept/Reject. Replace Silicon-Controlled Rectifier 
R Test 

G. Answers to test 

REFERENCES USED IN DEVELOPING THIS UNIT 

(NOTE: The following is a list of references used in completing this unit.) 

A. Harwick. Jim. General Industrial Electronics. Stillwater, OK: Oklahoma Curriculum and 
Instructional Materials Center. 1984. 

B. Willison, Neal and James Shelton. Basic Electronics II. Stillwater. OK' Mid-America 
Vocational Curriculum Consortium. 1981. 
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SEMICONDUCTOR DEVICES 
UNIT VII 

INFORMATION SHEET 



i. Terms and definitions 

A. Analog device — Component that operates at any voltage level within a 
range 

B. Base ~ Control section that varies conductivity of the transibtor 

C. Break voltage — Voltage level at which a diode device will switch on and 
conduct current 

D. Channel — Narrow path within a field-effect transistor through which con- 
duction of current is controlled 

E. Chip — Integrated circuit 

R Collector — Section of transistor in which majority current carriers are col- 
lected out of the device 

G. Cutoff — State when all normal charge carriers stop flowing in a device 

H, Depletion mode — Field-effect transistor operation in which a negative volt- 
age on the gate repels electrons in the channel and reduced conduction 

!. Depletion region ~ Area within semiconductor material where charge carri- 
ers are neutralized 

J, Discrete device — Component composed of ^^^^^ functional element as 
opposed to an integrated-circuit device cornpu. tnl of many elements 

Examples: Transistor, diode, silicon-controlled rectifier, resistor 

K. Doping — Process of adding current conducting impurities into crystal 
materials to make semiconductors 

L Drain — Electrode of a field-effect transistor corresponding to the collector 
of a bipolar transistor 

M, Emitter — Most heavily doped section of transistor where majority current 
caniers travel inward, and thus are emitted into the device 

N. Enhancement mode ~ rield-effect tra^sistor operation in which a positive 
voltage on thp gate attracts electrons into the channel and increases con- 
duction 

O. Field effect — Electromagnetic force that controls conduction In field- 
effect transistors 

R Frequency response — Ability of a device to amplify a frequency without 
distortion or attenuation 

0. Gate — Electrode of various semiconductor devices that provides control 
for operation 
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R. Hardware - Circuitry, wiring, and devices of an electronic instrument or 
computer 

S Hybrid inteprated circuit Device in which discrete components and inte- 
grated circuits are combined into an integrated package 

T. Input impedance - Total opposition to current at ttie input of a device 

U. Inteprated circuit — Device constructed of multiple segments of semicon- 
ductor materials and junctions containing the equivalent function of such 
discrete devices as transistor an J diode junctions and resistors 

V. Linear Device — Component that has the same gain or reaction to the input 
over the operating range regardless of frequency or environmental factors 
such as temperature and humidity 

W. Majority current carriers ~ Holes in the p-type semiconductor and elec- 
trons in the n-type semiconductor tnat transfer most of the current within a 
type of semiconductor material 

X. IVIonolithic integrated circuit — Device in which active elements (such as 
transistors) and passive elements (such as resistors) are Integrated Into a 
contmuous single component on a single substrate 

Y. Output impedance - Total opposition to current at the output of a device 

2. Pinch-off voltage Voltage from the gate to the source of field-effect tran- 
sistors at vyhich conduction o\ current ceases 

AA Printed circuit board (RGB) - A device that has conductinq paths printed 
on a board 

BB, Saturation ~ When an increase in collector voltage no longer causes an 
increase in c.:)llector current and with an increase in base current it no 
longer causes an increase in collector current 

CC. Source — Electrode jf a field-effect transistor corresponding to the emitter 
of a bipolar transistor 

DD. Substrate — Base material of an integrated-cinuiit chip upon which the cir- 
cuitry is formed 

(NOTE: Some integrated circuits have a pin connection to the substrate, 
which drains static chirges, or to references to a voltage bias.) 

EE. Transtslor — Solid-state semiconductor device usually having three termi- 
nals; varies conductivity according to voltage and current inputs 

FF Trigger - Electrical impulse used ti'rn ri*^vices on and off 
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Curren* flow In transistors 

A. In NPN transistors^, tree L^hn.ironr. flow from cnrnttor to bjse and from base 
to collector, causmq current flow through tMni^islor 

{NOTE: Because the biii c is narrow arui Hghtly dcptid, only about 5% of the 
electrons flow from the emitter through the base. The remaining electrons 
flow through the tiase to the coHerton^ 



B. In PNP transistors, free electrons flow from coiicctor to base and from base 
to emitter causing current flow 

(NOTE: Because the emitter-base junction is a low resistance region, the 
small input signal applied to the emitter results in maximum current flow.) 



Charact&rislics of transistor emitters, bases, and collectors (Transparency 1) 

A, Emitters 

1 Are most heavily cfopeU section ol trant^istor 

2. Have most majority current carriers 

3. Carry aft current that passes into or out of trar'isistor 

4. Are indicated schefnaticalty by an arrowhead 

B. Bases 

1 Are cofistructmi veiv narf<5wly to inipruve transistor frequency 
response 

2. Control current flow through transistor 





INFORMATION SHEET 

3. Contain material opposite other two sections of transistor 

4. Carry only small portion of current passing Into or out of transistor 

5. Are indicated schematically by a perpendicular line 
C. Collectors 

1. Are often connected to metal case of transistor 

2. Carry large amount of total current into or out of transistor 

3. Are indicated schematically by a diagonal line 
Emitter, base, and collector of various transistors 

A. Circuit symt)ols 

(NOTE: The emitter lead in both symbols is the one with the arrowhead.) 
1. pnp transistor 




Base 



2. npn transistor 
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B. Leads for common transistor cases (Transparency 2) 

(NOTE: There are many types of transistors cases identical to those of sili- 
con-controlled rectifiers and field-effect transistors. Because the leads are 
not standard, it is best to consult a reference manual to determine the 
leads for the particular part number.) 

1. TO-3 case 
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<. TO-23 case 




5. TO-220 case 




V. Characteristics of bipolar and field-effect transistors 

A. Bipolar transistors 

1. Are current-controlled devices 

2. Have higher frequency response 

3. H^^wo higher power ratings 
8. Field effect transistors 

1. Are voitage-controlled devices 

2. Have higher input impedance 

3. Produce less noise 

4. Are less sensitive to heat 

5. Are able to operate at higher voltage 

6. Arc less sensitive ,o radiation 

7. Are more sensitive \o static 
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VI, Special semiconductor dsvictjs and their applic«ttions (Transparencie?^ 3 and 4) 

A. Field effect transistor (FET) — Serves as high input impedance device for 
amplifying input voltage variations applied to gate: used as amplifier 




P-channel 



h 

N-channel 



B. Unijunction transistors (UJT) — Switches on and off according to voltages 
and bias applied; I'Sed as oscillator or pulse generator 



C. Silicon Controlled Rectifier (SCR) ~ Rectifies AC to DC according to timing 
of electrical impulse to gate lead; used as controllabie rectifier and fre- 
quently as a switch 



D. Diac — Switches on in either direction wtien voltage ieveis reach break volt- 
age; used to provide triggering to AC control circuit ;i 



I 
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E. 



Tf iac — Switches on in either direction when gate is triggered; used to vary 
AC power ' 




Silicon Controlled Switches (SCS) - Switches on or off by triggering either 
of two gates, but conducts current in only one direction; used as variable 
output rectifier or as DC electronic switch 




Light Activated Silicon Controlled Rectifier (LASCR) -~ Switches on accord- 
mg to gate potential and intensity of light; used to control outdoor llghtina 
circuits and other light-affected processes 




O- 




Asslgnmem Sheer#^^ Package (DIP) Integrated circuit (Transparency 5. 

A. Manufacturer's name or logo 

B. Part numl>er 

1. Prefix 

(NOTE: The prefix varies among manufacturers.) 

2. Number 

(ISJOTE: The number may be identical or almost identical among man- 
ufacturers.) 

3. Suffix 

(NOTE; The suffix i& the code for package mater- al. temperature 
range, and so ior'ih. It varits among manufacturers.) 
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C. Date code 

(NOTE: The date code is a numerical comdination of the year and the week 
of manufacture.) 

D. Notch, small indentation, or tab 

E. Pins 

£: Pins are numbered consecutively down one side and up the other 

side,) 

H Distance between pin centers 

G. Case 

H. Top 

VIII. Finding numborone pin on integrated circuits 

A. Dual in line pacltage (DIP) — When viewing from top with notch or indenta- 
tion at top, the first top-left pin is pin number one. 



Indentation and/or Notch 



1C 




314 


2C 




□ 13 


3C 




□ 12 


4C 




□ 11 


5C 




□ 10 


6C 




□ 9 


7C 




□ 8 



B. Case package 



1, Tab between pins — When viewing from the bottom, the pin clock- 
wise of the tab is pin number one. 



Tab 
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2 t ih m lino with pin When viewing from the bottom, the pin clock- 
vvi5^p c^f ^tie tnb pin number one. 




4 



1^. Advent ^ges of ?ntf»g* at<?d circuits as compared to discrete conifX»nents In oquiva* 

Jen! circuJtry 

A Arr moto lelinbUf 

(NOTE: let^s component-toe mponenl clrcuftry improves reliability and 
fcUur os r.ost of electronic equipment.) 

B. GonerfUly roqiijfo lower power 
(' Am te*;s firstly 

A?f7 snialU^r, more cofT)pact. and lighter in weight 

fNOTl' intoqfat^d circuit devices have made space trave! and exploration 
possibk^ l^v virtur of their small size and light weight. They have also made 

pf >vvf>Mui ^:oinptitf>rs loss costly and smaller.) 

f Arp f HnpirM nnd faster to design and fabricate 

r I'rovuj*.' si^r^plifipcl rompalibility of interconnecting circuitry 

(NOU : Iniegrated circuits of the same logic, such as TTL, can be readily 
MttPfrortnerffHi withf'ut much concern for impedance matching, various 
voHfU}*? roquifc^mentr, or switching-speed variations.) 

X. Guidelines to foffow when working with integrated circuits 

A. stor^ Ws. w ontif^talic containers. 

aJOTF A ^Hcuit jTuiy be easily destroyed by static electricity) 
H VVfxu i:tidir ar()ur)dcd wrist strap, 
C Usf irrvv v^c^tfciqe soiderinq iron, 

iNi hK. Afi irated circuit requires special grounded and temperature- 

'fdinH^nl solr.' ,ir%g irons) 
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D, Avoid overheating components v.hen ^.oicUMiiK^ 

E Do not use acid solder, chloride !luxt}s o\ pi\:i>U} tiuAv s 

R Do not remove ICs or PCBs mth powet <m. 

G. Do not apply signals to inputs v^^hrn power is ott. 

H. Consult reference manual for proper vuilavj^^s anvi i.i>n;ief tton requir€> 
ments- 

I. Use special test clips to avoid shorting lK>iv.fjen terfninal;>. 

J. Do rmt use analog multimeters oi continuity tester lo ft\si for shortis and 
open circuits. 



■if,. 



PNP Transistor 



Majority Current Carriers 



p-Material n-Material p-Material 



Emitter Lead 
Electron Current 
Flow 













<1 



A 



Base Lead 
Electron 
Current Flow 



1 



Collector Lead 
Electron Current 
Flow 
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Various Transistor Cases 



TO-220 Case 



TO-5 Case 





TO-23 Case 




TO-20 Case 





Special Semiconductor Devices 



Cathode Lead 




SCR or TRIAC 



• 



• 



Special Semiconductor Devices 

(Continued) 



Glass Window 






N-channel 




Typical LASCR 



Typical FETs 



Typical UJT 



Solid-state devices cannot be distinguished by the cases. 

Bipolar transistors, UJTs, FETs, and SCRs are often encapsulated in identical cases. 
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Features of a Typical Dual In-Line Package 

Integrated Circuit 



Manufacturer's Name 
or Logo 

(Logo for Texas 
Instruments is 
shown.) 



Case 



Number Suffix 
Prefix K ^ 



Notch, Small 
Indentation 
or Tab 

(Device to Locate Pin 
Number One) 



Top 




Date Code 

/78 = 1978 \ 
\24 = Weel^24/ 



Distance Betveen Pin Centers 

(Distance between pm centers is 2.54 mm.) 
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SEMICONDUCTOR DEVICES 
UNIT VII 



JOB SHEET #1 - PERFORM A £ ATIC TEST OF 
SEMICONDUCTOR DIODES 

Equipment and materials needed 

1. Multimeter (either digital or analog) 

2. Four different types of diodes from your instructor 
Procedure 

1. Determine the polarity of youj ^nrnmeter leads. 

2. Connect th3 positive lead of the ohmmeter to the anode c* the diode and the neg- 
ative lead of the ohmmeter to the cathode of the diode. 

3. Read and record the ohmmeter reading in the data table below. 

(NOTE: The ohmmeter should be on a R x 1(X) scale to avoid possible damage to 
the diode.) 

4. Reverse the ohmmeter connection to the diode; read and record the ohmmeter 
reading. 

5. Determine from the ohmmeter reading whether the diode is good or bad, 

(NOTE: A good diode will have a low ohmic reading in the fonvard-biased direc- 
tion and a high ohmic reading when reverse biased Typical reverse fonvard bias 
ratios would be 100 to 1.) 

6. Repeat the above procedure for each of your diodes. 



DATA TABLE 1 — STATIC TEST 



DIODE 


FORWARD 
RESISTANCE 


REVERSE 
RESISTANCE 


GOOD OR 
BAD 


















_D3 








0, 









7. Return equipment and materials to proper storage area. 
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JOB SHEET #2 ~ TEST AND ACCEPT/REJECT, REPLACE 
LIGHT SENSITIVE DEVICES 

Equipment and materials needed 

1. Multimeter 

2. Cadmium sulphid^:^ photocell 
Procedure 

1. Determine polarity of meter leads. 

2. Set ohmmeter to the R x IK scale. 

3. Connect the meter leads to the photocell. 

4. Becoi the ohmmeter reading. 
Resistance room light 

5. Cover the top of the photocell and record the ohmmeter reading. 
Resistance dark 

(NOTE: Reject device it ohmmeter reading does not change.) 

6. Return equipment and material to their proper storage area. 
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JOB SHEET #3 ~ TEST TRANSISTORS 

Equipment and materials needed 
t Assortment of transistors {both signal and power types) 

2. Multinneter (digital or analog) 

3, Transistor tester (if available) 
Procedure 

1. Carefully examinf* the assortment of transistors and note the differences in size, 
shape, and lead arrangements. 

(NOTE: Power transistors are typically a TO 220 or a TO-3 case.) 

2. Choose two signal transistors and one power transistor 

3. Determine which meter lead is positive and which is negative. 

(NOTE: Either get this from the manufacturer's instruction book or by measuring 
the voltage with a voltmeter.) 

4 identify the emitten base, and collector leads. 

5. Place the ohmmeter on R x 100 range. 

{NOTE: This is necessary because there may be too much voltage if the ohmme^ 
ter is placed in a high range.) 

6- Determine the forward-biased emitter base junction, 

a. Place the positive ohmmeter lead on the emitter lead and the negative 
ohmmeter lead on the base lead. 

b. Note the resistance reading. 

c. Place the negative ohmmeter lead on the emitter and the positive ohmme- 
ter lead on the base, 

d. Note the resistance reading. 

e. Compare the two resistance readings. 

f. Repeat Steps a through e for the collector-base junction 
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JOB SHEET #3 

g. From above reading, determine whether the transistor Is good or bad. 

h. If the transistor tested was good, state whether it Is PNP or NPN. 

i. If the transistor tested was bad. state where it was open or shorted. 

If your lab has a transistor tester, foH . ing the instructions given In operations 
manual, check the transistor. 



8. Check your findings with your instructor. 



DATA CHART 



EMITTER-BASE JUNCTION 



R, 



Ut 



COLLECTOR'BASE JUNCTION 



TYPE OF TRANSISTOR 



9, Return equipment and material to their proper storage area. 
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JOB SHEET #4 — TEST AND ACCEPT/REJECT, REPLACE 
SlUCON CONTROUED RECTIFIERS 

Equipment and materials needed 

1. Multimeter (digital or analog) 

2. Silicon controlled rectifier 
PrcK:edure 

1. Determine polarity of meter leads. 

2. Set ohmmeter to the R x IK scale. 

3. Connect the positive meter lead to the anode and the negative meter lead to the 
cathode. 

4. Ot)Serve a hiqh resistance meter reading indicating non-conduction. 

5. Connect a jumper wire from the anode to the gate and obseive the meter reading. 

(NOTE: Reject if ohmmeter reading does not change to a low resistance Indica- 
ting conduction.) 

6. Remove the jumper from the anode and gate. 

7. Observe the meter reading and reject If different than that of Step 5. 

8. Return equipment and material to their proper storage area. 
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TEST 
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1. Match the terms on the right with their correct definitions. 
(NOTE: Answers to questions a.-K appear on this page.) 
a. 



,.e. 



_h. 



Solid-state semiconductor device usually 
having thrc e terminals; varies conductivity 
according \ i voltage and current inputs 

Most heavily doped section of transistor 
where majority current carriers travel 
inward, and thus are emitted into the device 

Section of transistor in which majority cur- 
rent carriers are collected out of the device 

Control section that varies conductivity of 
the tranisistor 

State when ail normal charge carriers are 
flowing in a device 

When an increase in collector voltage no 
longer causes an increase in collector cur- 
rent and with an increase in base current it 
no longer causes an increase in collector 
current 

Process of adding current conducting impu- 
rities into crystal materials to make semi- 
conductors 

Ability of a device to amplify a frequency 
without distortion or attenuation 

Holes in the p-type semiconductor and elec- 
trons in the n-type semiconductor that trans- 
fer most of the current within a type of 
semiconductor material 

Voltage from the gate to the source of ficld^ 
effect transistors at which conduction of 
current ceases 

Area within semiconductor material where 
charge carriers are neutralized 

Field-effect transistor operation in which a 
negative voltage on the gate repels eloc- 
trons in the channel and reduces conduc^ 
tlon 



4 If; 



1. Frequency response 

2. Cutoff 

3. Depletion region 

4. Collector 

5. Pinchoff voltage 

6. Saturation 

7. Doping 
a Emitter 
9. Base 

0. Depletion mode 

11. Transistor 

12. Majority correct carri- 
ers 
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(NOTE; Answers to questions rn.-y. appear on this page ) 



m. 



o. 



— P- 



_.q. 



-J. 



.V. 



.W- 



Field-effect transistor operation in which a 
positive voltage on the gate attracts elec- 
trons into the channel and increases con- 
duction 

Voltage level at which a diode device vM 
switch on and conduct current 

Total opposltior' to current at the input of a 
device 

Total opposition to current at the output of a 
device 

Electrical impulse used to turn devices on 
and cjff 

Device constructed of multiple segments of 
semiconductor materials and junctions con- 
taining the equivalent function of such dis- 
crete devices as transistor and diode 
junctions and resistors 

nase material of an inlcgroted-circuit chip 
upon which the circuitry is formed 

Component composed of one functional 
element as opposed to an integrated-circuit 
device composed of many elements 

Component that operates at any voltage 
level within a range 

Component that has the same gain or reac- 
tion to the input over the operating range 
regardless of frequency or environmental 
factors such as temperature and humidity 

Circuitry, wiring, and devices of an elec- 
tronic instrument or computer 



13. Break voltage 

14. Trigger 

15. Analog device 

16. Linear device 

17. Output impnUance 

18. Chip 

19. Substrate 

20. Enhancement mode 

21. Monolithic integrated 
circuit 

22. Hardware 

23. Discrete device 

24. integrated circuit 

25. Input impedance 



_x. integrated circuit 

.y. Device in which active elements (such as 
transistors) and passive elements (such as 
resistors) are integrated into a continuous 
single component on a single substrate 
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(NOTE; Answers to questions ;:.^ff. appear on this paQO.) 



7. Device in which discrete components and 
integrated circuits arc combined into an 
integrated package 

.aa. Eioctrode of a field-effect transistor corres- 
ponding to the emitter of a bipolar transistor 

_bb. Electrode of a field-eftect transistor corres- 
ponding to the collector of a bipolar transis- 
tor 

cc. Electrode of various semiconductor devices 
that provides control for operation 

,dd. Narrow path within a ficld offoct transistor 
through which conduction of current is con- 
trolled 



26 Channel 

27. Hybrid integrated cir^ 
cuit 

28 Printed circuit board 

29. Field effect 

30. Source 

31. Drain 

32. Gate 



ee. Electromagnetic force that controls conduc 

tion in field-effect transisto:s 

ff. A device that has conducting paths printed 

on a board 

indicate the direction of current flow in the foHowmg transistors by drawing arrows to 
indicate the direction of flow. 

a. 



B 





O 




N © 












^ — ->--Jv._^ — — 
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TEST 



b. 



8 C 





Q P 




o " 
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Select from the following list characteristics of transistor emitters bases, and collec- 
tors. Write an "E" in the blanks before emitter, a "B" before base, and a "C" before col- 
lector 



a. 

b. 

c. 

^ . g« 

..... ..h. 

i, 

k. 



Are most heavily doped section of transistor 

Are constructed very narrowly to improve transistor frequency response 

Are indicatecJ schematically by a diagonal line 

Carry large amount of total current into or out of transistor 

Are indicated luihomatically l>y a perpendicular line 

Have most fnajority currenl carriers 

Are indicated si;he!'na1icaHy t>y an arrowhead 

Control current flow through transistor 

Are often connected to metal case of transistor 

Carry ail current that passes into or out of transistor 

Contain material opposite other \sno sections of transistor 

Carry only small portion of current passing into or out of transistor 
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4. Identify the emitter, base, and collector v)f various transistors. Write the correct names 
in the blanks. 

a. Circuit symbols 

1) pnp transistor 




2) npn transistor 




b. Common transistors 
1) TO 5 case 
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.:'u»f.u wusur<, :mi :,iu nefort. fiukr effect Characteristics, 



.... Afi^ it^ss .st^r^Mliv*^ \ij 
Hav(- \]H\ht f p()v\<M r.itintjs 

. I Aw tfHHe sc^fisitivr to rAMit. 
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6. Match ^prcia! SinPicondiirtc^r drvicos on Ww, right with tht^ir correct application?. 

. , a. Sorvf?s as hiqh^input impedance civvicv fen 1. SCR 
iiinplifyifU] input voltaflo vari.- ons appliou 
to pate; used as anipiifiof V. LASCM 

h. Switches on and off according to voitrujrs A UJT 

and tjias af^plied: used as osciDator ur puU^o 

generator 4 FEl 

c Rectifies AC to DC according to timinq of 5. fnac 

electrical impulse to qato !ead: used as cofv 

troliable rectifier and frequently as a switch 6 Hiac 

d. Switches on in either direction when voHacie 7, SCS 
levels reach hieak voftaye; used to provide 
truiyenng to AC control circuits 

_ J' Switches on accordmy \o gate potentuM and 
intensity of liqht: used to control outdocu 
!ic]httng cnrcuitb and other light affected 

f. Switches tu? in either directior> wher) qate is 
tnogtffed: usecj to vary AC powc-r 

n Swttches on nr off t)v trioperjnq e*!fier of 

oaies, biJt condufrts tairrent in ;)f^ly one 
duration, uf.ed at; vanabie t>utput rf'rt;hrf i n 
a'^ DC fHf/i Irnriif; sA'nch 
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TEST 



8. Label the number-one pin on integrated ofcuits. For each of the iHustrations below, 
write a "1" in the correct blank. 



a. 




b. 




ERIC 



4 " 



TESi 



14 I isl /rjs.i-: 



10. ^ ..V)FnfK^;t 



o ..t i-uJiirnnt^s to t(i)iow when wc)f\?nc) wiih integrated cir- 



^.inis t V : t^n vV.^/i1i>i AUh \\ l)v\A i i mphiU^iii) each s!ufonu?nt. 



!;.4'iJi5n;Hi iron 

H.::'.^iv. u' f'^is:!: *A!u:-n pimtH ?N . 



and connection H-quiie 



»nM>r U'?s or co^itinuity tes^ter 1.^ test for shorts ami 



u*! t^t'tMj *:iJihpl!sJMfd pnur to the test, ask your 



(1. 



u >^ t'^^! , t u t' :..iiir.oM cdfiifoHcd NtnttfHM. {Job Sheet #4) 
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SEMICONDUCTOR DEVICES 
UNIT VII 



ANSWERS TO TEST 




2. 



a. 


11 


j- 


5 


r. 


24 




27 


b. 


8 


k. 


3 


s 


19 


aa. 


30 


c. 


4 


!. 


10 


t. 


23 


t>b. 


31 


d. 


9 


m. 


20 




15 


cc. 


32 


e. 


6 


n. 


13 


V, 


16 


dd. 


26 


f. 


2 


0. 


25 


w. 


22 


ee;. 


29 


9- 


7 


P- 


17 


X. 


18 


ff. 


28 


h. 


1 


q- 


14 


y- 


21 






j. 


12 












a 






E 


B 


C 








B C 



^^^^ 





3. a. 
b. 
c. 
d. 
e. 
f. 

4. a. 



E 
B 
C 
C 
B 
H 



0 
h. 

i. 

j- 
k. 
I. 



E 
B 
C 
E 
B 
B 



Circuit symbols 

1) pnp transistor 

a) Base 

b) Emitter 

c) Collector 

2) npn transistor 

a) Emitter 

b) Base 

c) Collector 



ERIC 



4o 
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ANSWERS TO TEST 



b. Common Iransistor cases 

1) T0'5case 

a) Collector 

b) Emitter 

c) Base 

2) 10 20 case 

a) CoUector 

b) Base 

c) Emitter 

3) 10-220 case 

a) Base 

b) Collector 

c) Emitter 



a. 


FET 


f. 


FET 


b. 


B 


9- 


B 


c 


FET 


h. 


FET 


d. 


FET 


i. 


FET 


e. 


B 


j- 


FET 


a. 


4 


e. 


2 


b. 


3 


f. 


5 


c. 


1 


g- 


7 


d. 


6 







7. a. Manufacturer's name or logo 

b. Prefix 

c. Number 

d. Suffix 

e. Top 

8. a. b. 



f. Dale coJe 

g. Pins 

h. Distance between pin centers 

i. Notch, smaU indentation, or tab 
j. Case 

c 






i1 



ERIC 



ANSWERS TO TEST 



Any four of the following, 

a Are more reliable 

b. Genoraliy require lower power 

c. Are less costly 

d. Are smaller, more compact, and lighter in weight 

e. Are simpler and faster to design and fabricate 

f. Provide simplified compatibility of interconnecting circuitry 



a. Antistatic 

b. Wrist strap 

c. Low 

d. Overheating 

e. Paste 

f. On 

g- Off 

h. Voltages 

i. Shorting 
j. Analog 



Performance skiiis ^^valuated to the satisfaction of the instructor 



